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Appendix B

1.0 FISHERY RESOURCES

Fishery resources include fish populations, their habitats, and the harvest of those popula-
tions. Extensive fishery resources are found within the Trinity River Basin, Lower Klamath
River Basin/Coastal Area, and Central Valley. Many of the fish species found within the
lower Klamath River Basin are also found within the Trinity River Basin. The coastal areas
adjacent to the Klamath River Basin contain marine species as well as provide essential
habitat for maturing and adult anadromous fish species that return to the Klamath and Trinity
River Basins. The Trinity River Basin consists of the mainstem Trinity River, its numerous
tributaries, high mountain lakes, and Trinity and Lewiston Reservoirs. In addition, within the
Trinity River Basin, the Trinity River Salmon and Steelhead Hatchery (TRSSH) is intended
to mitigate for the reduced salmon and steelhead production resulting from the loss of habitat
upstream of Lewiston Dam by releasing chinook and coho salmon and steelhead young into
the mainstem Trinity River. Table B-1 (all tables and figures are located at end of this
appendix) summarizes the impacts to fishery resources (compared to No Action) associated
with each alternative.

The following discussion describes the affected environment and the environmental conse-
quences of the project on anadromous salmonid species, other native anadromous species,
resident native species, non-native species, and reservoir species. Anadromous species spend
their early life stages in fresh water, migrate to the ocean for maturation, and return to their
natal stream to spawn. Resident species, on the other hand, spend their entire lives in the
freshwater rivers or reservoirs of the affected project areas. A list of fish species found
within the Trinity River Basin, including the Trinity and Lewiston Reservoirs, is shown in
Table B-1. Species commonly found in other geographic areas of the affected project area
are noted and discussed in those sections.

1.1 ANADROMOUS SALMONID SPECIES

1.1.1 Affected Environment

Native anadromous salmonid species currently found in the Trinity River Basin and the
Lower Klamath River Basin/Coastal Areas includes spring, and fall chinook salmon
(Oncoryhnchus tshawytscha), coho salmon (O. kisutch), and steelhead (O. mykiss irideus).

In addition, coastal cutthroat trout (O. clarki clarki) are found in the Lower Klamath River
Basin/Coastal Area. In the Central Valley, chinook salmon (fall, late-fall, spring, and winter)
and winter steelhead, but not coho salmon and cutthroat trout, constitute the native
anadromous salmonids in that geographical area.
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1.1.1.1 Trinity River Basin

This section discusses the current status of anadromous salmonid resources and their habitats
in the mainstem Trinity River, downstream of Lewiston Reservoir, and the factors influenc-
ing these resources. The following native anadromous salmonids are found in the mainstem
Trinity River and its tributaries: fall and spring chinook salmon, coho salmon, and winter and
summer steelhead (Table B-1). A description of sportfishing activity along the Trinity River
was presented in the Recreation Technical Appendix D of the 1999 DEIS/DEIR.

Habitat Characteristics and Requirements. The anadromous salmonids native to the
Trinity River Basin have similar life history characteristics. These species all begin life in
fresh water as eggs and alevins (larval fish), which are hatched in gravely riffle area in the
mainstem Trinity River or in its tributaries. Figure B-1 illustrates the generalized life history
of anadromous salmon and steelhead. The time spent in fresh water as incubating eggs and
alevins, or rearing fry (earliest free swimming life stage) and juveniles (pre-emigrating
immature fish), and emigrating smolts (juveniles physiologically adapting for life in the
marine environment) varies with each species, as does the time spent maturing in salt water
before returning to their natal stream to spawn (reproduce). The generalized temporal distri-
bution of chinook and coho salmon and steelhead is shown on Figure B-2.

Habitat needs of anadromous salmonids are similar, but each species does differ somewhat in
its freshwater habitat needs. These differences are important and have implications from a
resource management standpoint. Specific life history information for anadromous salmon-
ids are provided in Table B-2. (A more detailed discussion of chinook, coho, and steelhead
life cycles in the Trinity River can be found in Frederiksen, Kamine, and Associates, 1980, or
U.S. Fish and Wildlife Service and Hoopa Valley Tribe, 1999.)

Adequate flows, temperatures, water depths and velocities, appropriate spawning and rearing
substrates (e.g., riverbed gravels), and availability of instream cover and food are critical for
the production of all anadromous salmonid fish. Spring chinook salmon and summer steel-
head also need long-term adult holding habitat, in which pool size and depth, temperature,
cover, and proximity to spawning gravel are important requirements. Newly emerged fry
and juveniles of all species require rearing habitat with low velocities, open cobble substrate,
and cool water temperatures. Emigration of smolts to the ocean and the immigration of
adults require adequately timed flows with the appropriate temperature, depth, and velocity.

Populations. The following discussion considers population estimates of the anadromous
salmonids in the mainstem Trinity River. A key to understanding anadromous fish popula-
tions is the concept of “escapement.” Annual spawner escapement is defined as the number
of fish of a particular species that successfully return from the ocean (“escape” harvest and
natural mortality) to spawn within a specific river. For the purposes of this document, inriver
spawner escapement refers to the number of returning fish (adult and jacks) that physically
spawn in the river. Hatchery escapement refers to the number of adults and jacks that return
from the ocean to the TRSSH where they are artificially spawned.

Other terms used in this discussion include the following:

e Naturally produced—refers to the progeny of fish that physically spawned in the river or
its tributaries, without human intervention.
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e Hatchery produced—refers to the progeny of fish that were spawned and raised at the
TRSSH.

e Jacks (sometimes referred to as “grilse”)—refers to sexually mature fish that return as
2-year old fish to spawn; nearly all jacks are male.

e Half-pounders—refers to sexually immature steelhead, which after residing in fresh water
for up to 3 years and salt water for less than 1 year return to fresh water, but not for the
intent purpose of spawning; half-pounders subsequently return to the ocean and make
their spawning migration months to years later.

e Run size—the total estimated annual number of adults and jacks, including inriver
spawner escapement and hatchery escapement, as well as inriver harvest by tribal fish-
eries and inriver sport anglers. Annual estimates of fall chinook salmon run size in the
Trinity River Basin have been compiled by the California Department of Fish and Game
(CDFG) since 1978, as a part of the Klamath Basin Fall Chinook Salmon Spawner
Escapement Estimates (California Department of Fish and Game, 2003).

(Attachment B1, Table B1-1). In addition, since 1977, fall and spring chinook salmon,
coho salmon, and adult winter steelhead (in some years) run size, spawner escapement,
and angler harvest have been estimated by CDFG. These run size estimates are derived
in part from data collected at fish counting weirs are installed annually near Willow
Creek and usually Junction City on the mainstem Trinity River. CDFG, Hoopa Valley
Tribe (HVT), U.S. Fish and Wildlife Service (Service), and U.S. Forest Service (USFS)
have also conducted annual summer steelhead surveys in several tributaries to the
mainstem Trinity River to estimate the population of this species.

Trinity River Restoration Program Goals. The 1983 Environmental Impact Statement
(EIS) on the Trinity River Basin Fish and Wildlife Management Program (U.S. Fish and
Wildlife Service, 1983) documented the inriver spawner escapement goals and the TRSSH
production goals established by the Trinity River Basin Fish and Wildlife Restoration Pro-
gram (TRRP) as escapement numbers that could be met once restoration was completed.
The inriver goals represent the total number of naturally produced adult spawners (excluding
jacks) for the Trinity River Basin below Lewiston Dam and exclude fish caught by the
fisheries. The hatchery goals represent numbers of adult fish needed by the hatchery,
exclusive of fisheries for chinook and coho salmon (an undefined inriver harvest is included
in the Restoration Program goal for hatchery steelhead). A summary of these restoration
goals are shown as Table B-3.

Because the project purpose is the restoration and maintenance of the natural production of
anadromous salmonids below Lewiston Dam, the following discussions concern the inriver
spawner escapement goals (adults only) and the numbers of fish returns (jacks and adults)
that were naturally produced. Restoration and maintenance of natural production implies that
the fish spawning inriver began their life as eggs in the river (i.e., were not raised in the
hatchery), and that a sufficient percentage of their eggs spawned in the river survive to return
as adults to spawn; in other words, naturally producing populations are self-sustaining.

“Inriver spawner escapement,” for the purposes of this report, is the number of returning fish
that physically spawn in the river, which in reality consists of two factions: naturally pro-
duced fish and hatchery-produced fish. This term is analogous to the term “natural spawner
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escapement” used by CDFG. However, we chose not to use the CDFG term because it is
confusing in discussions pertaining to naturally and hatchery-produced fish. “Total basin
escapement” refers to the total number of fish that spawned inriver plus those fish that were
spawned at the TRSSH.

Hatchery-produced fish are not considered to contribute towards the inriver spawner escape-
ment goals of the Trinity River Restoration Program, although their offspring do (i.e., if
hatchery-produced fish spawn inriver and their offspring survive to return to spawn, these
offspring are naturally produced by definition [see “natural production” in glossary]. The
best available data indicate that large numbers of hatchery-produced fish spawn inriver.
Typically, more fish spawn inriver than are spawned at the hatchery, and relatively fewer
inriver eggs survive to return as adults. Assuming that hatchery and naturally produced fish
are subject to the same environmental conditions after the hatchery releases its fish (typically
as smolts), the relatively low returns of naturally produced fish are likely indicative of low
survival rates of young freshwater life stages (eggs, fry, and/or juvenile fish).

Spring Chinook Salmon. Fisheries investigations conducted during 1942 through 1946, prior
to the construction of the Trinity and Lewiston Dams, identified spring, summer, and fall
chinook salmon populations in the Trinity River above the North Fork Trinity River (North
Fork) confluence (Moffett and Smith, 1950). In 1955 an inriver spawner escapement esti-
mate of 3,000 spring, 5,000 summer, and 24,000 fall chinook salmon upstream of Lewiston
was reported by CDFG (California Department of Fish and Game/U.S. Fish and Wildlife
Service, 1956). Contrary to these previous reports, Hubbell (1973) stated that review of data
collected up to that time (1973) indicated that only spring and fall chinook salmon existed in
the Trinity River, and since that time only estimates of spring and fall chinook salmon have
been made by CDFG.

The Service (1983) estimated that prior to the construction of the dams, the average annual
mainstem Trinity River spring chinook spawner escapement between the North Fork and
Lewiston was approximately 3,500 adults. An additional 300-3,000 spring chinook were
estimated to spawn annually upstream of Lewiston. For the years during 1978 through 2002,
CDFG estimated that total spring chinook spawner escapements, upstream of the Junction
City weir, have averaged approximately 16,000 and have ranged from approximately
2,000-55,000 fish (Attachment B1, Table B1-2). It must be noted that these estimates
include hatchery fish spawned at the TRSSH and all spring chinook salmon (hatchery- and
naturally produced fish) that spawned in the river. In recent years, estimates of the propor-
tion of hatchery-produced and naturally produced fish contributing to the inriver spring chi-
nook spawner escapement have been made (U.S. Fish and Wildlife Service, 1998 and CDFG,
2003). Escapement estimates for the years 1982 through 2002 (excluding 1983 and 1995)
indicated that an average of approximately 82 percent (approximately 14,000) of the in-river
spawner escapement of Trinity River spring chinook salmon were hatchery produced

(Table B-5). Conversely, only 18 percent (approximately 3,217 annually) were naturally
produced, which represents approximately 53 percent of the TRRP goal of 6,000 natural
spring chinook in the Trinity River.

Fall Chinook Salmon. Annual pre-dam estimates averaged 45,600 fall chinook salmon,
based on studies conducted during 1944, 1945, 1954, 1955, and 1963. Although limited in
duration, these pre-dam estimates were the best numerical estimates available from the
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pre-dam era for the mainstem Trinity River upstream of the North Fork confluence. A
review of the literature indicates that, before the construction of Lewiston Dam, approxi-
mately 50 percent of the mainstem Trinity River fall chinook salmon above the North Fork
confluence spawned above Lewiston (Moffett and Smith, 1950; Gibbs, 1956; LaFaunce,
1965). Fifty percent of the pre-dam average of 45,600 would represent approximately
23,250 adults and jacks in the Trinity River upstream of Lewiston, and 22,350 adults and
jacks from the North Fork to Lewiston prior to construction of the dams (Table B-4).

CDFG’s 1978 through 2002 fall chinook salmon run-size estimates for the Trinity River
Basin upstream of the Willow Creek weir have averaged approximately 43,000 adults and
jacks (Table B-5) and ranged from approximately 9,200 (1991) to 148,000 (1986). These
estimates are shown in Attachment B1, Table B1-3. These estimates include inriver spawner
escapements, TRSSH hatchery returns, and harvest (inriver anglers and tribal) for the entire
Trinity River Basin above the Willow Creek weir. As shown in Table B-5, the average
annual Trinity basin in-river spawner escapement estimate is approximately 39,600 fall
chinook. However, as previously discussed, these estimates include a component of
hatchery-produced chinook salmon that spawn in the Trinity River and not at TRSSH.

Table B-5 provides an estimate of Trinity River naturally and hatchery-produced fall chinook
salmon spawner escapement for the years 1982 through 2002 (Figure B-3). CDFG’s post-
dam inriver spawner escapement estimates for the Trinity River Basin upstream of the
Willow Creek weir from 1982 through 2002 averaged 30,400 fall chinook salmon, of which
an average of 12,047 fish are naturally-produced fish. Naturally produced fish have ranged
from 10-94 percent of inriver spawner escapements, with an average of 42 percent

(Table B-5).

Comparisons between pre- and post-dam averages are problematic because: 1) few pre-dam
estimates exist, 2) pre-dam estimates typically represent fish spawning in the river above the
North Fork, while post-dam estimates are above Willow Creek, and 3) post-dam estimates
are only for the river below Lewiston and are confounded by large numbers of hatchery-
produced fish that spawn in natural areas (recent changes have been enacted to reduce
competition of hatchery-produced fish with naturally produced spawners).

Comparisons between pre-dam escapements and the TRRP inriver spawner escapement goals
are also problematic because the inriver goals represent the numbers of fish that could be
produced in the entire Trinity River Basin below Lewiston Dam once successful restoration
is completed, whereas the pre-dam numbers are sporadic and limited to the Trinity River
above the North Fork. Because of these problems, the following discussions focus on the
current post-dam estimates relative to the TRRP inriver spawner escapement goals as an
indicator. This is a conservative indicator because the TRRP goals represent adult returns
and the numbers for naturally produced fish include jacks and adults (adult only information
was not available).

According to the TRRP goals, the hatchery is to produce 9,000 returning fall chinook
spawners for the hatchery, and the river below Lewiston is supposed to produce 62,000
naturally produced fall chinook spawners. Both these goals are exclusive of harvest.

The 1982-2002 mean annual estimated naturally produced spawner escapement upstream of
Willow Creek is 12,047, approximately 19 percent of the restoration goal of 62,000 naturally
produced fall chinook salmon for the Trinity River Basin (Table B-4). These estimates
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indicate that a significant improvement in escapement must be made to meet the Trinity
River restoration goals for fall chinook salmon. A complete summary of the Trinity River
fall chinook salmon run sizes, in-river and hatchery escapements, angler harvests, and
estimated proportions of naturally and hatchery-produced fish contributing to the inriver
spawner escapements for the Trinity River for 1977 through 2002 are shown in
Attachment B1, Table B1-3 (California Department of Fish and Game, 2003.

There were large runs of fall chinook salmon in the mainstem Trinity River during 1986
through 1989, and again in 1995 as compared to other years since 1977 (Attachment B1,
Table B1-3). These years greatly influenced the long-term mean inriver spawner escapement
estimates for the fall chinook salmon in the Trinity River. The large spawner escapements
for the years 1986-1989 may have been related to wetter water years during brood years
beginning in the 1983 water year. Wetter than normal water years and associated increases
in streamflow may have resulted in improved habitat conditions during those brood years.
These improvements in stream flows and habitat conditions may have also resulted in signi-
ficant increases in smolt production and smolt out-migration success during those brood
years. This in turn may have resulted in increased run sizes and spawner escapements
beginning in the fall of 1986 and continuing through 1989. Harvest restrictions, particularly
since 1985, and improved ocean conditions and survival may have also contributed to greater
runs and spawner escapements during 1986-1989 and in 1995.

Coho Salmon. Coho salmon populations were historically much smaller than chinook
salmon in the Trinity River. Holmberg (1972) reported that the estimated number of coho
salmon in the Trinity Basin was approximately 8,000. An average annual pre-dam spawner
escapement of approximately 5,000 adult coho above Lewiston was cited by CDFG and
Service (1956). After construction of Lewiston Dam, coho in-river escapement estimates
below Lewiston ranged from approximately 460-2,100 during 1969 through 1971 (Smith,
1975; Rogers, 1972; and Rogers, 1982). Leidy and Leidy (1984) reported that the returns to
Trinity River Hatchery for the period 1973-1980 averaged 3,300 adults. The total Trinity
River basin run size estimate for 1977 through 2002 has averaged 16,500 adult coho
(CDFG, 2003) (Table B-5).

Averages for CDFG’s annual coho run-size, inriver spawner escapement, TRSSH escape-
ments, angler harvest, and proportions of naturally and hatchery-produced spawners contrib-
uting to the inriver spawner escapement estimates for the years 1977 through 2002 are shown
in Table B-5. Since 1978, CDFG has estimated that coho inriver escapements have ranged
from approximately 850 (1993) to 55,700 (1987) (Attachment B1, Table B1-4), with an
annual average of 16,100 coho salmon (adults and jacks) upstream of the Willow Creek weir.
These total basin escapement estimates indicate that recent post-dam spawner escapement
may be as great or greater than the “pre-dam” estimates. However, like those estimates for
spring and fall chinook salmon, these estimates include both TRSSH escapement and hatch-
ery-produced adults that spawned in the river.

Estimates of the naturally produced coho salmon spawning in the mainstem Trinity River
upstream of the Willow Creek weir for the years 1991-1995, and 1997-2002 have been made
(CDFG, 2003). Table B-5 shows the average estimated spawner escapement of naturally and
hatchery-produced coho salmon for those years. Since 1991 naturally produced coho salmon
spawning in the Trinity River upstream of the Willow Creek weir averaged approximately
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582 fish, ranging from 0-19 percent of the total annual escapement (an annual average of
7 percent). Approximately 93 percent (11,332) of the coho salmon spawning in-river are
produced by the hatchery.

The estimated 582 naturally produced coho spawning in the mainstem Trinity River upstream
of the Willow Creek weir represents approximately 42 percent of the restoration program
spawner escapement goal of 1,400 for naturally produced adult coho (Table B-3).

Steelhead. Winter steelhead spawner escapements within the Trinity River and its tributaries
upstream of Lewiston prior to the construction of the dams were estimated to range from
approximately 6,900-24,000 adults (California Department of Fish and Game/U.S. Fish and
Wildlife Service, 1956).

Winter steelhead spawner escapement estimates have been highly variable in the Trinity
River and its tributaries since 1963. The 1964 steelhead spawner escapement estimate was
approximately 8,000 fish (LaFaunce, 1965). A spawner escapement estimate of approxi-
mately 1,000 steelhead was made for the year 1972 (Rogers, 1973).

From 1980 through 2002 (for the years in which data is available), the estimated total basin
escapement of winter steelhead spawning upstream of the Willow Creek weir has ranged
from approximately 2,750 (1992) to 33,700 (1989) (Attachment B1, Table B1-5) and has
averaged approximately 9,400 (California Department of Fish and Game, 2003). However,
weir data is typically available for fall and early winter period only. Estimates for the
remaining winter portion of the escapement are unavailable because increased river flows
render weirs inoperable. Estimates of naturally produced winter steelhead for the years 1980,
1982, and 1992 to 1995 and 2002 were made by the CDFG (2003). On the average for those
years, approximately 4,700 naturally produced winter steelhead spawned in the Trinity River
upstream of the Willow Creek weir (Table B-5). However, this average is largely influenced
by the 1980 and 1982 years. The average naturally produced inriver escapement for 1980
and 1982 was 10,675, while the average escapement for 1992-1995 and 2002 was
approximately 2,326 adults. The overall average (4,711) represents approximately

12 percent of the restoration goal of 40,000 adult steelhead, while the 1992-1995 and 2002
average represents 6 percent of this goal (Table B-5). The latter average is more likely to
represent the current status of the Trinity River steelhead population, because it is more
recent, and fairly consistent from year to year. The data available for winter steelhead
hatchery and inriver spawner escapements for the years since 1977 are shown in

Attachment B1, Table B1-5.

Adult summer steelhead primarily hold in the headwaters of mainstem Trinity tributaries
during the summer months, and subsequently spawn in the following late winter/early spring.
Average annual summer steelhead inriver spawner escapements for the Trinity River
upstream of Lewiston, prior to the construction of the dams, were estimated to average
8,000 adults (California Department of Fish and Game /U.S. Fish and Wildlife Service,
1956). In recent years, CDFG, Service, USFS, and HVT have conducted population surveys
for these fish in the North Fork, South Fork, Canyon Creek, and New River tributaries and
the upper Trinity River. Population estimates have ranged from a low of 20 adults in the
South Fork in 1985 to 1,037 adult summer steelhead in the North Fork in 1991 (California
Department of Fish and Game, 1997, unpublished). The estimated mean annual populations
of summer steelhead from 1980-1996 are: 460 (North Fork), 40 (South Fork), 15 (Canyon
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Creek), 11 (upper Trinity River), and 404 (New River). Summaries of those estimates are
shown in Attachment B1, Table B1-6 of the Fishery Technical Appendix to the 1999
DEIS/DRIR.

The steelhead of the Trinity River are characterized by the unique “half-pounder” phase of
their life history. An immature steelhead that returns to fresh water from the ocean during
July-September after remaining in the ocean only a few months is referred to as a “half-
pounder”(U.S. National Marine Fisheries Service, 1994). This phase includes the summer
migration in which it does not spawn, followed by winter or spring emigration back to the
ocean. These fish are typically 12-14 inches in length and are rarely greater than 16 inches
(ACWA, 1995). Half-pounders are highly sought after by sportfishers.

Species Listed and Proposed for Listing under the Endangered Species Act (ESA).
After a coast-wide status review by the U.S. National Marine Fisheries Service (NOAA-
Fisheries), the Southern Oregon/Northern California evolutionarily significant unit (ESU)
naturally produced coho salmon was proposed for listing as threatened on July 25, 1995.
Under the ESA, an ESU is a population (or group of populations) that:

e Is substantially reproductively isolated from other nonspecific population units
e Represents an important component in the evolutionary legacy of the species

On October 24, 1996, NOAA-Fisheries extended the period of review and final
determination of this ESU’s proposed listing for 6 months until April 25, 1997. On June 5,
1997, NOAA-Fisheries announced its final action that this species would be listed as
threatened in the California range of its distribution, which includes the Trinity and Klamath
River Basins.

Additionally under the ESA, the Klamath Mountains Province ESU steelhead, which
includes stocks from the Trinity River, were proposed for listing as threatened on March 16,
1995. On July 31, 1996, NOAA-Fisheries determined that this species warranted listing as a
threatened species under ESA, but the decision to list the species was deferred on August 11,
1997, for 6 months to gather more scientific information. A final ruling on its status was
made on April 4, 2001, when NOAA-Fisheries determined that this species did not warrant
listing as threatened at that time.

Factors Influencing Trinity River Basin’s Anadromous Salmonid Populations.

Trinity River Salmon and Steelhead Hatchery. TRSSH was constructed by the U.S. Bureau
of Reclamation (Reclamation) in 1963 and is operated by CDFG to mitigate for the loss of
salmonid habitat and production above Lewiston Dam due to construction of the Trinity
River Division (TRD) of the Central Valley Project (CVP). The hatchery was modernized in
1991 as part of the TRRP. The TRSSH’s current goals are to produce sufficient juveniles to
provide for returns to the hatchery (exclusive of harvest) of 12,000 chinook salmon

(3,000 spring; 9,000 fall); 2,100 coho salmon; and 10,000 steelhead. Fingerling and yearling
production of chinook, coho, and steelhead at the TRSSH (and its predecessor facilities) from
1958 through 1996 are summarized in Attachment B1, Table B1-7 of the 1999 DEIS/DEIR
Fishery Appendix. Since that time (January, 1997) the TRSSH has operated under new
stocking goals and constraints criteria. These goals and constraints are summarized in

Table B-6.
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Hatchery operations, including the magnitude and the timing of hatchery releases and the
subsequent return of adult hatchery-produced fish, can directly affect the behavior, growth,
survival, and ultimate success of naturally produced salmon and steelhead. Factors such as
competition, predation, and disease organisms transmitted by hatchery-produced fish may
adversely affect naturally produced anadromous salmonids within the Trinity River Basin. In
a 1991 study of hatchery- and naturally produced juvenile chinook, coho, and steelhead,
TRSSH coho juveniles were found to be in poor health resulting from bacteria kidney disease
(Foote and Walker, 1992). The diseased coho juveniles may have influenced smolt survival
of several naturally produced Trinity River Basin salmonid stocks (Foote and Walker, 1992).

Annual numbers (adults and jacks) of chinook, coho, and steelhead entering TRSSH (or its
predecessor facilities) since 1958 are shown on Figure B-4. Since the beginning of opera-
tions, there have been two periods of significantly increased numbers of chinook returning to
the TRSSH (Figure B-4). The numbers of chinook salmon trapped at the TRSSH peaked in
1988 with more than 20,000 fall and 16,000 spring chinook entering TRSSH. More than
23,000 coho entered the TRSSH in 1987-1988. Except as noted above, since the peaks of the
1980s, TRSSH returns of chinook and coho salmon have generally decreased. Since opera-
tions began, the numbers of steelhead entering the TRSSH have varied widely, ranging from
13 fish in 1976-1977 to nearly 7,000 in 1964-1965 (Figure B-4). Since 1990, there have
been less than 1,000 adult steelhead trapped annually at the hatchery.

Introductions of Klamath River fall chinook salmon juveniles raised from eggs reared at the
TRSSH were made into the Trinity River during 1971, 1977, and 1983 (California
Department of Fish and Game, TRSSH Reports: 1971, 1977, and 1983) (Table B-7). Since
1983, no additional fall chinook salmon genetic stocks have been introduced into the Trinity
River Basin.

Native Trinity River coho salmon stocks have been potentially intermingled with four out-of-
basin coho stocks introduced by the TRSSH since 1965 (Table B-7). Coho salmon juveniles,
reared from eggs at the TRSSH, from the Eel and Noyo Rivers (California) were introduced
into the Trinity River in 1965 and 1970, respectively (California Department of Fish and
Game, TRSSH Reports: 1965 and 1970). Juvenile coho salmon from genetic strains from
Alsea River Hatchery (Oregon) were introduced into the Trinity River in 1970 and 1971
(California Department of Fish and Game, TRSSH Reports: 1970 and 1971). Juvenile coho
salmon from the Cascade Hatchery (Oregon) were also introduced in 1970. No other coho
salmon stocks from out-of-basin sources have been introduced into the Trinity River since
1971. The impact of these introductions are not understood at the present time.

Native Trinity River winter steelhead stocks may also have been intermingled with intro-
duced steelhead from outside the Trinity River Basin (Table B-7). In 1963, American River
(California) fall steelhead fry were received and reared at the TRSSH until they were planted
into the Trinity River in the spring of 1964 (California Department of Fish and Game,
TRSSH Report 65-5). Juvenile winter steelhead reared from eggs received from the Cowlitz
River Hatchery (Washington) in 1969, and juveniles from the Roaring River Hatchery
(Oregon) were planted into the Trinity River at China Slide in 1970 and 1971 (California
Department of Fish and Game, TRSSH Reports 70-19 and 72-4). Winter steelhead fry and
juveniles reared from eggs transferred from the CDFG’s Iron Gate Hatchery on the Klamath

RDD\021080001 (CLR2106.DOC) B-9



APPENDIX B FISHERY RESOURCES

River were released at TRSSH beginning in 1971 and continued yearly through 1987
(California Department of Fish and Game, TRSSH Reports: 1970-1988) (Table B-7).

Summer steelhead stocks from two hatchery sources outside the Trinity River Basin have
been introduced into the basin: Cedar Creek Hatchery (California) and Skamania Hatchery
(Washington) were introduced into the Trinity River from eggs reared to fry or juveniles and
released at the TRSSH during 1971 through 1975. (Table B-7) (California Department of
Fish and Game, TRSSH Reports: 1971-1976).

The precise impacts on natural anadromous populations downstream of Lewiston from
releases of salmonids from the TRSSH are unknown. Hatchery fish pose six primary threats
to naturally produced fish (Hilborn,1992):

Direct competition for food

Predation of hatchery-produced fish on naturally-produced fish

Genetic dilution of native fish stocks by hatchery fish allowed to spawn inriver
Increased fishing pressure on naturally produced stocks due to hatchery production
Disease transmission from hatchery-produced fish to naturally produced fish
Direct competition for habitat

Recent concerns involving the potential impacts of hatchery operations on the naturally pro-
ducing stocks of the Klamath Basin (including the Trinity River) prompted the CDFG to hold
a workshop to address these concerns and revise their hatchery operation procedures. New
hatchery operating procedures were instituted in 1997 to minimize the potential impacts of
hatchery-produced fish on naturally producing stocks.

Recently adopted TRSSH operations designed to minimize impacts include:

e All mature salmon returning to the hatchery are processed and destroyed, in order to
reduce the occurrence of hatchery stock spawning with natural stocks. Allowing all
hatchery fish (including surplus spawners) entry to the hatchery also reduces competition
between hatchery- and naturally produced stocks for appropriate spawning sites.
Steelhead are spawned and returned to the river because, unlike salmon, they are capable
of spawning in subsequent years.

e Juvenile salmonids from TRSSH are released to mimic natural out-migration patterns at
Lewiston prior to dam construction, which are slightly delayed relative to outmigrating
naturally produced juveniles in the river reach below Lewiston (Table B-6).

e Hatchery production goals are not to be exceeded (Table B-6).

Fish Harvest. The harvest of Klamath River Basin fall chinook salmon (including Trinity
River Basin) is managed jointly by the CDFG, Oregon Department of Fish and Wildlife,
California Fish and Game Commission, (Commission) Yurok Tribe, HVT, NOAA-Fisheries,
and Bureau of Indian Affairs (BIA). The Pacific Fishery Management Council (PFMC) and
the Klamath Fishery Management Council (KFMC) are allocation forums for the ocean and
ocean/in-river fisheries, respectively. The mixed-stock ocean population is harvested by
commercial and sport fisheries; and the in-river population is harvested by tribal (ceremonial,
subsistence, and commercial) and sport fisheries. Chinook salmon harvest (both spring and
fall runs) includes both naturally and hatchery-produced fish. Coho harvest in the ocean
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commercial troll fishery has been prohibited in California and Oregon, and reduced in
Washington, since 1994. Coho harvest has also been prohibited in the California ocean sport
fishery, and reduced in Oregon. Coho harvest is allowed in the tribal in-river fisheries and
currently occurs as incidental take during the harvest of chinook salmon. Steelhead are
rarely caught in the ocean commercial and sport fisheries, but are harvested by the in-river
tribal and sport fisheries. Frederiksen, Kamine, and Associates (1980) stated that ocean
harvest of naturally produced salmon stocks had been sufficient to have caused steady
declines in Trinity River spawner escapements at the time of their report. Historically,
Klamath/Trinity River chinook and coho populations have been harvested in the ocean from
Monterey County, California, to the Oregon/Washington border. Ocean harvest of naturally
produced salmon may have been sufficient in the late 1970s to cause declines in Klamath
River Basin (including Trinity River) populations, but fall chinook harvest management
restrictions implemented since 1986 have decreased harvest impacts to levels believed to be
sustainable, based on the best available data. A description of sportfishing activity along the
Trinity River is presented in the Recreation Resources Technical Appendix D of the 1999
DEIS/DEIR. Information on tribal fisheries is presented in the Tribal Trust section (3.6) of
the 1999 DEIS/DEIR.

Habitat Conditions. Reduced river flow due to the construction and operation of the TRD,
combined with excessive watershed erosion, large-scale gold dredging, and other harmful
land management activities, have caused major changes in the inriver habitat conditions of
the Trinity River (U.S. Fish and Wildlife Service, 1994) since the construction of the Trinity
and Lewiston Dams. Factors that have resulted in adverse effects on fish habitat
(Frederiksen, Kamine, and Associates, 1980) include the following:

e Obstruction to the river reaches upstream of Lewiston Dam

e Changes in natural flow regime in both quantity and timing

e Changes in water temperature.

e Changes in river channel geomorphology and restriction of river meandering

e Changes in substrate composition, addition of fine sediments, and restriction of gravel
recruitment

The quantity and quality of anadromous fish habitat have been seriously reduced since con-
struction of the TRD. The dams blocked fish access to 59 miles of chinook salmon habitat,
109 miles of steelhead habitat, and an undetermined amount of coho salmon habitat (U.S.
Fish and Wildlife Service, 1983). Much of this habitat was prime spawning and rearing
habitat. In the case of chinook salmon, this habitat represented 50 percent of the spawning
habitat in the Trinity Basin. Furthermore, elimination of the upstream reaches, which were
dominated by snowmelt and hydrologically different from the river habitats downstream of
Lewiston, greatly reduced the diversity of the entire river system, thereby reducing habitat
choices for salmonids.

Reduced river flows and disruption of the sediment flow in the mainstem (post-TRD), as well
as altered watersheds (both pre- and post-dam), have altered geomorphic processes, particu-
larly in the mainstem above the confluence of the North Fork. For the first 21 years of TRD
operations, Trinity River flows were only 21 percent of natural flows. Perhaps more signifi-
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cantly, the peak winter and spring flows were eliminated or greatly reduced. The harmful
effects of the reduced flows were manifested in several ways, including changes to channel
geomorphology, substrate composition, and water temperatures. Ultimately, the reduction in
flows has lead to a reduction in habitat, as evidenced by sand filling in holding pools of adult
salmonids, increased fine sediment accumulation in river substrates, and increased channeli-
zation of the mainstem (which has made the river banks more vertical and does not allow lat-
eral movement of the channel within the floodplain). The effects of these processes have
significantly reduced total wetted habitat and salmonid spawning and rearing habitat area and
suitability in the mainstem Trinity River below Lewiston Dam (Frederiksen, Kamine, and
Associates, 1980). For example, spawning habitat losses have been estimated to be

80 percent in the first 2 miles below Grass Valley Creek, and at 50 percent in the next 6 miles
since construction of Lewiston Dam (California Resources Agency, 1980).

Since the completion of the dams, the degradation of habitat, beginning downstream of
Lewiston and adversely affecting approximately 40 river miles (RM) downstream to the
North Fork, has generally been accompanied by a decline in salmonid populations
(Frederiksen, Kamine, and Associates, 1980). Shallow riffles have been replaced by glides
and deeper water habitats, resulting in reduction in total habitat areas suitable for the produc-
tion of food organisms (Frederiksen, Kamine, and Associates, 1980). Reduced river flows
and changes in sediment input are the primary factors in changes to channel geomorphology
and, therefore, the degradation of fish habitat. The altered channel geomorphology includes
a reduction in the number and quality of alternate bar sequences. Important salmonid habi-
tats associated with alternate bars include: pools that provide cover from predators and cool
resting places for juveniles and adults; gravelly riffles where adults typically spawn; open
gravel/cobble bars that create shallow, low-velocity zones important for emerging fry; and
slack water habitats for rearing juveniles.

Since TRD operation, the Trinity River has become channelized, i.e., the river banks have
become more vertical, and there is little lateral movement of the channel within the flood-
plain. The static nature of the altered river has allowed the root systems of riparian plants to
encroach into the river channel. The roots bind spawning gravel and encourage the forma-
tion of sand berms along the river banks. This encroachment of riparian vegetation and sub-
sequent berm formation further narrows the channel and reduces shallow, low-velocity sal-
monid rearing habitat and habitat diversity (see the Geomorphic Environment section [3.2] of
the 1999 DEIS/DEIR for additional information).

Changes in substrate composition have occurred because of increases in fine sediment (from
increased watershed erosion and attenuation of sediment-transporting flows) and the reduc-
tion of coarse sediment (e.g., gravel) recruitment (due to the dams). Fine sediment fills in
spaces between gravels and cobbles, which inhibits the percolation of water through these
areas. This accumulation of fine sediment decreases survival of eggs and sac-fry and
decreases the amount of habitat for overwintering juvenile coho and steelhead (which burrow
between gravels and cobbles). Fine sediment accumulation may have also impacted habitat
for aquatic invertebrates, which are the primary food source for juvenile salmonids.

Seasonal changes in water temperature and turbidities since the construction of the TRD,
particularly in the reach from Lewiston to the North Fork, have been observed (Frederiksen,
Kamine, and Associates, 1980). On the average, and prior to the construction of the TRD,
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water temperatures in the Lewiston-to-North Fork reach of the mainstem Trinity River were
warmer than current water temperatures during the migration, holding, and spawning periods
of spring chinook salmon. Temperature conditions in the Trinity River during the late sum-
mer baseflow periods have been more favorable (cooler) to rearing salmonids than those
prior to the construction of the TRD because of an overall increase in summer baseflow.

(For more information on flows and temperatures, see the Water Resources section [3.3] of
the 1999 DEIS/DEIR.) These changes in water temperatures have implications on the
temporal and geographic distribution and life history attributes of the fish resources in the
Trinity River.

Construction and operation of the TRD changed the thermal diversity available to Trinity
River anadromous salmonids. The dams blocked access to the cool upstream reaches that are
dominated by snowmelt runoff and remain cool throughout the year. Prior to the dam, these
areas provided important juvenile rearing and adult holding habitats for salmonids when the
majority of the lower mainstem habitats (i.e., below Lewiston) had likely become too warm.
The upstream tributaries (dominated by snowmelt) provided increased flows and decreased
temperatures during the spring and early summer that aided smolt emigration through much
of the mainstem. Because these habitats are now blocked by the TRD, and much of the
snowmelt is retained in the TRD reservoirs, it is necessary to artificially maintain cooler
temperatures below the dam than those that existed prior to the dam. In other words, the
mainstem below the dam must now function thermally like the upstream reaches and tribu-
taries (for anadromous salmonids). Exacerbating the problem is the decrease in geomorphic
diversity below the dam. Prior to the TRD, water temperatures in the deep mainstem pools
stratified; bottom layers were documented as much as 7 degrees Fahrenheit (°F) cooler than
upper layers (Moffett and Smith, 1950). The cool temperatures at the bottom of the pools
provided important thermal refugia for migrating adult and rearing juvenile salmonids. The
altered flow regime and channel geomorphology decreased or eliminated the temperature
stratification in pools in the summer/early fall months. Although average post-dam monthly
water temperatures at Lewiston are cooler than pre-dam temperatures during June-
November, this benefit has not fully compensated for the lost thermal diversity in the system
(i.e., above the dams) or for the reduction in stratified pools.

The Trinity River also has a significant influence on the water temperatures in the Klamath
River downstream of it’s confluence at Weitchpec. Cool water releases from Lewiston Dan
during the warm months can benefit anadromous species and their habitats not only within
the Trinity River, assisting in rearing, immigration, and smolt outmigration, but also benefits
the Klamath fishery. In 2002, low flow conditions in the Lower Klamath River, warm water
temperatures, and an above average fall run Chinook salmon escapement combined to create
conditions favorable to an epizootic outbreak resulting in a huge fish die-off (TRPP, 2003).
At a hearing in response to this die-off, Federal District Court Judge Oliver Wanger directed
the Department of the Interior to determine what actions would be necessary to “assure
against the risk of fish losses that occurred....” (in 2002). Subsequently, in April, 2003 a
ruling also allowed Reclamation to use an additional 50,000 acre-feet of water from the
Trinity River Division of the CVP to prevent a recurrence of the September, 2002 fish die-
off. In a summary report of the monitoring of that flow release, the Trinity River Restoration
Program concluded that the implementation of the 2003 Trinity River Fall Flows Action Plan
was successful in reducing the risk of a major die-off event in 2003. A memorandum
outlining the methodology and results of the flow releases made by Reclamation during the
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late-summer of 2003 in response to these orders are attached to this Appendix as
Attachment B2.

Finally, in it’s investigation on the causes of decline and strategies for recovery of the
endangered and threatened fishes in the Klamath River Basin, the National Academy of
Sciences final report (NAS, 2003) recommended: “That it is vital that management of the
Trinity River, including releases from Lewiston Dam be viewed in the context of the entire
Klamath watershed” (NAS,2003). Furthermore the Report states: “While it may be attractive
to use Trinity flows to influence conditions in the Lower Klamath River, it must not occur at
the expense of the Trinity River restoration goals” (NAS, 2003).

Food Production. During the freshwater phase of their life history, the major food source of
anadromous salmonids are aquatic benthic macroinvertebrate (insect) organisms. The pro-
duction of these organisms occurs on the constantly submerged (wetted) portions of a
streambed (Frederiksen, Kamine, and Associates, 1980). The particle size and substrate
material of the wetted streambed can greatly affect the production of this food source. Boles
(1980) found that when a riffle in the Junction City reach of the Trinity was flushed of its
load of granite sand, a marked increase in productivity, biomass, and diversity of benthic
organisms occurred.

Food production capability within the mainstem Trinity River was good and compared
favorably with that of the North Fork and the Smith River, which have not been impacted by
siltation and water diversions (Frederiksen, Kamine, and Associates, 1980). Results of
aquatic insect studies, which monitored the mainstem Trinity River upstream of the North
Fork confluence, indicated that over the course of the multi-year study, improvements have
occurred in the biotic condition indices (BCI) measured at six sampling locations, but habitat
conditions could be improved (Mangum, 1995). These results indicated that good to excel-
lent potential food conditions exist at the study sites monitored downstream of Lewiston,
particularly for larger juvenile fish (Mangum, 1995). From these investigations it appears
that benthic food production may not be a major factor in limiting fish production in the
mainstem Trinity River at the current time.

Habitat Restoration Projects. Since the early 1980s, the Trinity River Basin Fish and
Wildlife Restoration Program conducted a variety of restoration activities in the mainstem
Trinity River and its tributaries. Some activities conducted in tributaries include watershed
restoration work as well as habitat enhancement projects, and dam construction and pool
dredging in Grass Valley Creek to decrease the amount of fine sediment entering the
mainstem Trinity River. Restoration activities that have been implemented in the mainstem
include gravel placement, pool dredging, and construction of several channel rehabilitation
projects (side channels and bank rehabilitation of point bars).

The Trinity River Basin Fish and Wildlife Restoration Program constructed twenty-seven
channel rehabilitation projects on the mainstem Trinity River between Lewiston Dam and the
North Fork: 18 side-channel projects and 9 bank rehabilitation projects (also known as
feathered-edge projects). Monitoring documented chinook salmon spawning within the
constructed side-channels. Observations also indicate that the side-channels are used
extensively during the spring by rearing chinook salmon juveniles.
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The remaining nine projects were bank rehabilitation projects between Lewiston Dam and
the North Fork Trinity River. The projects were constructed by physically removing vege-
tated sand berms along the bank to restore the channel to a pre-dam configuration. Channel
rehabilitation sites are significantly wider and shallower than corresponding control sites at
intermediate and high flows. Along with promoting formation of alluvial features character-
istic of unregulated rivers, channel rehabilitation projects have been shown to increase the
amount and diversity of habitat for adult and juvenile salmon and steelhead. During recent
investigations, salmonid fry habitat indexes were greater at rehabilitation sites than at
corresponding control sites. Catch per effort for chinook salmon fry was also greater at
rehabilitation sites than at control sites, suggesting greater habitat use at these sites.
Spawning surveys at project locations have also shown high use of these areas by spawning
chinook salmon.

1.1.1.2 Lower Klamath River Basin

The Klamath River is California’s second largest river, with an average annual water yield in
excess of 13 million acre-feet (maf). Like the Trinity Basin, the lower Klamath River Basin
provides habitat for anadromous spring and fall chinook salmon, coho salmon, and steelhead.
In addition, coastal cutthroat trout frequent the lower reaches of the basin. All anadromous
fish from the Trinity Basin must migrate through the lower Klamath Basin and estuary. The
estuary at the mouth of the Klamath is an important rearing and migration area for these
anadromous species. Approximately 80 percent of the Native American salmon gill-net
fishery occurs within the lower Klamath River, as well as a sport fishery for chinook and
coho salmon, steelhead, and coastal cutthroat trout. A description of sportfishing activity
along the lower Klamath River is presented in the Recreation Technical Appendix D in the
1999 DEIS/DEIR.

Habitat Characteristics and Requirements. Habitat requirements and characteristics for
anadromous salmonids in the lower Klamath River Basin are similar to those discussed for
the Trinity River Basin (refer to Trinity River Basin Habitat Characteristics and Require-
ments). The lower Klamath River Basin provides significant seasonal habitat for
anadromous salmonids. Causes for the decline of the numbers of salmonids in the Klamath
River Basin have been attributed to land use, water diversions, harvest, ocean conditions,
dams, and inriver habitat conditions (California Department of Fish and Game, 1992b).
Some of these activities are thought to have degraded juvenile salmonid rearing and nursery
habitats (California Department of Fish and Game, 1997.).

Water quality of the Klamath River has been negatively effected by nutrient-rich agricultural
runoff. Runoff from the upper Klamath Basin (including reservoirs) contains many inorganic
compounds that lead to large plankton blooms, which can make the river turbid in appear-
ance. As evidenced by field crews above Weitchpec during 1997, warm water and high
phytoplankton abundance can also periodically lead to low dissolved oxygen levels, which
can have a negative effect on fish survival. With increasing distance from Iron Gate Dam,
however, the water quality improves through dilution by tributaries, including the Trinity
River, largest of tributaries (see Water Quality).

CDFG (19923, 1992b, 19934, 1993b, 19944, 1994b, and 1995) has been conducting investi-
gations to describe fish habitats and monitor water quality in the lower Klamath River and
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estuary. Their findings have determined that seasonal habitat changes occur as plant growth
(especially algae) and fine sediments gradually increase in the summer and fall seasons due
to decreased river flows and increased water temperatures. A sand bar occasionally closes
the estuary and impounds the outflow of the Klamath River during this time. Salt water
dominates the estuary during these months of high biological productivity, and a resulting
salt wedge provides thermal refuge for rearing salmonids during the warm summer and fall
months.

Populations. Since 1978, CDFG has compiled the inriver and hatchery spawner escape-
ments and Indian net and angler harvests for fall chinook salmon for the Klamath Basin
including the lower Klamath and Trinity River Basins. These estimates are compiled annu-
ally and are referred to as the “mega-table” (Attachment B1, Table B1-1). Harvest (ocean
and inriver combined) of fall chinook salmon is managed for a 33-34 percent escapement for
all brood years, or a minimum inriver spawner escapement level (floor) of 35,000 fall chi-
nook salmon adults, whichever is greater. These harvest goals were established in 1989 by
the PFMC on the recommendation of the Klamath River Technical Advisory Team (PFMC,
1997). Factors influencing the anadromous salmonid populations inhabiting the Klamath
River Basin include: Iron Gate Hatchery operations, harvest (both inriver tribal and sports
fisheries, and ocean commercial and sport fisheries), freshwater habitat conditions (including
flows from the Trinity and upper Klamath River and its major tributaries, such as the Shasta
and Scott Rivers), and ocean productivity conditions.

A description of sportfishing activity along the lower Klamath River is presented in the
Recreation Resources Technical Appendix D of the 1999 DEIS/DEIR. Information on tribal
fisheries is presented in the Tribal Trust section (3.6) of the 1999 DEIS/DEIR.

1.1.1.3 Coastal Area

The coastal area adjacent to the Klamath River Basin provides habitat for the maturing and
adult life stages of the anadromous salmonids found in the lower Klamath and Trinity River
Basins. Habitat conditions in this coastal near shore and ocean environment are subject to
natural productivity as affected by physical and biological oceanic processes, atmospheric
weather, and climate patterns. The influence of humans on anadromous salmonid popula-
tions in the coastal areas adjacent to the Klamath River Basin is primarily a result of com-
mercial and recreational harvest activities. The 1999 DEIS/DEIR described recent ocean
sport and commercial salmon fishing activity for the six study regions along the California
and Oregon coast that could be affected by the project.

1.1.1.4 Central Valley

Habitat Characteristics and Requirements. The Central Valley of California provides
essential habitat for the freshwater life stages for chinook salmon as well as steelhead.
Within the Central Valley, the Sacramento and San Joaquin Rivers provide corridors for the
anadromous salmonids resources found within the valley. The Sacramento River is the larg-
est river system in California and produces more than 90 percent of the Central Valley
salmon and steelhead. The Sacramento River supports four runs (races) of chinook salmon:
fall, late-fall, winter, and spring. Fall chinook is the predominant salmon in the Central
Valley. Fall steelhead are also found in the Central Valley with almost the entire population
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restricted to the Sacramento River system. Unlike the Trinity and Klamath River Basins, the
Central Valley is not known to contain coho salmon or cutthroat trout. Estimates of the
abundance of the chinook salmon and steelhead populations found in the Central Valley are
shown in Tables B1-8 and B1-9 in Attachment B1 of the 1999 DEIS/DEIR Fishery
Appendix.

Limiting Factors. Major limiting factors in the Central Valley that have affected anadro-
mous salmonids (U.S. Fish and Wildlife Service, 1995) include the following:

e Diversions, such as the Red Bluff Diversion Dam/Tehama-Colusa Canal; the Glen-
Colusa Irrigation District Canal; the Anderson-Cottonwood Irrigation District Canal; and
hundreds of small unscreened diversions throughout the Sacramento and San Joaquin
Rivers and the Sacramento-San Joaquin River Delta (Delta)

e Blockage of habitat by major dams (i.e. Shasta Dam)

e Water diversions at the state and federal pumps in the Delta

e Increased water temperatures within the Central Valley rivers and the Delta
e Habitat loss and degradation in the rivers and the Delta

e Industrial, municipal, agricultural, and mining waste discharge that degrades water
quality

e Predation by introduced species
e Inadequate instream flows within the rivers and reduced outflows in the Delta

Approximately 25 percent of all warmwater and anadromous sportfishing and 80 percent of
the state’s commercial fishery are dependent on species that live in or migrate through the
Delta. Most of the state’s anadromous fish, including several state Species of Special
Concern, inhabit the waters of the Delta.

Delta outflow plays a key role in influencing the abundance and distribution of fish and
invertebrates in San Francisco Bay through changes to salinity, currents, nutrient levels, and
pollutant concentrations. The response of organisms to Delta outflow is species and life-
stage dependent. The effect of Delta outflow on San Francisco Bay aquatic organisms is
determined by timing, magnitude, and duration of the outflow. Fluctuations in water tem-
perature also play an influential role in the productivity of the Bay. The San Francisco Bay
provides essential migration and rearing habitat for the anadromous salmonid species of the
Central Valley. These species migrate through the bay on their way to and from the ocean as
well as rear on their way out of the system.

Species Listed or Proposed for Listing under the Endangered Species Act (ESA) or the
California Endangered Species Act (CESA). Special-status anadromous salmonids found
in the Central Valley include the federal and State of California endangered winter chinook
salmon. Winter chinook salmon were listed endangered under the California Endangered
Species Act (CESA) in 1989 and were declared threatened by NOAA-Fisheries on November
5, 1990. NOAA-Fisheries reclassified winter chinook salmon as endangered on January 4,
1994. On June 16, 1993, NOAA-Fisheries published the final rule designating the critical
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habitat for this species as the Sacramento River from Keswick Dam (Shasta County) to
Chipps Island at the westward margin of the Delta. In addition, all waters westward of
Chipps Island to Carquinez Bridge, all of San Pablo Bay, and San Francisco Bay north of the
San Francisco/Oakland Bay Bridge were designated as critical habitat for winter chinook
salmon (U.S. National Marine Fisheries Service, 1997).

The Central Valley ESU steelhead was proposed for listing as threatened under the federal
ESA March 16, 1995. On July 31, 1996, NOAA-Fisheries determined that this species
warranted listing as a threatened species under ESA, but the decision to list the species was
deferred on August 11, 1997, for 6 months to gather more scientific information. A final
ruling on its status resulted in the listing of this species as threatened on May 18, 1998.

In April of 1996, the Commission rejected a petition submitted to list the Sacramento River
spring chinook salmon as an endangered species under CESA. However, in February 1997,
the State of California Superior Court in San Francisco ruled that the Commission committed
an error in their finding that the listing of the Sacramento River spring chinook salmon as
endangered was not warranted. This resulted in the conclusion by the Commission that the
species should be listed as a candidate for endangered status and required CDFG to submit a
report to the Commission within one year indicating whether the species should be listed.
The State of California listed Sacramento River spring chinook salmon as threatened on
February 6, 1999.

In March 9, 1998, NOAA-Fisheries proposed spring chinook salmon ESU as endangered,
and fall and late-fall chinook salmon ESU’s were proposed as threatened in the Central
Valley. On September 9, 1999, NOAA-Fisheries announced that the Central Valley spring
chinook ESU was listed as threatened on or about November 15, 1999. The fall/late-fall
ESU remains a Federal candidate species.

1.1.2 Environmental Consequences

1.1.2.1 Methodology

Trinity River Basin. The salmon pre-smolt production model (SALMOD) developed for
the Trinity River (Williamson, et al., 1993) was previously evaluated as a tool for assessing
the effects of project alternatives on anadromous salmonids. For the purposes of the 1999
Draft Environmental Impact Statement/Environmental Impact Report (DEIS/DEIR) it was
determined that the SALMOD model is not useful in distinguishing project alternatives
because SALMOD was developed only for the uppermost 25-mile reach of the mainstem
Trinity River downstream of Lewiston to Dutch Creek; only chinook salmon are modeled;
the model covers a limited time-frame (from September 2 to June 9); and the model uses
current channel configuration and conditions. Because of these limitations, an alternative
methodology was developed and used to determine effects of project alternatives on
salmonid fish resources for the 1999 DEIS/DEIR. This methodology was also used in the
analysis of impacts and benefits to anadromous salmonids in the Trinity River in this SEIS.
In addition to the methodology used in the 1999 DEIS/DEIR, a supplemental and more
robust analysis of the effects of river flows and resulting water temperatures on the smolt
life-stages of anadromous salmonids was conducted.
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The following assumptions were used in the SEIS/SEIR analysis of environmental
consequences:

e The TRSSH would be operated as it is currently, and operations would not affect natural
production of anadromous salmonids.

¢ All anadromous salmonid species would respond similarly to actions of any one particu-
lar project alternative except as noted below.

e Inthe year 2020, any rehabilitation sites and/or watershed work would be completed, and
the river system processes would be functioning at the full level of their ability within the
given flow regime(s); and anadromous fish populations, although not constant from year
to year due to varying environmental conditions (especially oceanic factors), would be at
their long-term average.

e Except as noted, the analysis assumed the historic distribution of Trinity River Basin
water-year class as shown in Attachment B3.

Trinity River System Attribute Analysis Method (TRSAAM). To evaluate the environmental
consequences of the proposed project alternatives on anadromous salmonid fish habitat in the
Trinity River Basin, the Trinity River System Attribute Analysis Method (TRSAAM) was
employed. This approach was based on the fundamentals and relationships of key river sys-
tem characteristics and functions (McBain and Trush, 1997). In the Trinity River Flow
Evaluation Report (U.S. Fish and Wildlife Service and Hoopa Valley Tribe, 1999), 10 river
system habitat attributes (attributes) were identified as essential to the integrity of a healthy
fluvial river system. The members of Trinity River EIS/EIR Fisheries and Channel
Rehabilitation Technical Team (TRFCRTT) convened numerous times and developed and
agreed upon an evaluation methodology that employed these 10 fluvial geomorphic
attributes. An additional attribute specific to water temperature and habitat requirements was
salmonids was identified and included in the analysis conducted for the 1999 DEIS/DEIR,
with objectives and threshold criteria developed for the purposes of assessment. For the
SEIS this analysis was replaced with an analysis of water temperature suitability for
anadromous salmonid smolts (see description below).

In the DEIS/DEIR, the 11 river system attributes were evaluated in meeting threshold criteria
for objectives of a healthy river for each project alternative and the No Action Alternative.
Threshold criterion for meeting each of the attribute’s objectives was identified from
investigations conducted on the Trinity River in recent years. These studies included
McBain and Trush (1997); Wilcock, et al., (1995); Trinity Restoration Associates (1993);
and Zedonis and Newcomb (1997). The attributes, objectives, and their thresholds evaluated
in this SEIS are shown in Table B-8. A summary of the methods are shown in Attachment
B3 of Fishery Technical Appendix B to the 1999 DEIS/DEIR. The assumptions for the
TRSAAM method are summarized below:

e If actions are made that move closer to meeting or that meet desirable system attributes,
fish production will increase.

e All attributes were weighted equally for evaluation of fish production.

e Attributes provide and maintain habitat for all freshwater life stages of anadromous
salmonids.
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e Decline of one attribute can negate the benefits to fish of all other attributes (i.e., habitat
diversity, water quality).

e Changes in fish numbers are not linearly correlated with flow.
e Only set flow release schedules were evaluated (uncontrolled spills were not assessed).

e Sediment-related attributes are limited to mainstem Trinity River channel upstream of
Indian Creek confluence.

e The 70 Percent Inflow Alternative is based on weekly flow scheduled as seen in
Attachment B4) and not average flow schedules by water-year classes used for other
impact assessment.

e Current harvest management practices are sustainable.

e Probability of occurrence for Trinity River water-year classes used for the analysis was
based on flows at Lewiston (pre-dam) and inflows to Trinity Lake (post-dam)
(Attachment B3); these are as follows: extremely wet = 0.12; wet = 0.28; normal = 0.20;
dry = 0.28; and critically dry = 0.12.

For the 1999 DEIS/DEIR the TRFCRTT determined that the objectives of the Attribute No.1
(1998) were contained in portions of other river system attributes, and by scoring objectives
1 through 4 for this attribute, a “double-counting” of objectives would occur. Therefore, for
Attribute 1, objectives 1 through 4 (Table B-8) were not analyzed as part of the TRSAAM
evaluation for the DEIS/DEIR nor this SEIS/EIR. Additionally, objectives 1 through 4 of
Attribute 11 were not scored for the SEIS, as it was determined that it was desirable and
necessary to evaluate the effects of water temperature outside this TRAASM methodology.
The remainder of the attribute objectives presented in Service and HVT (1999) were used to
evaluate each project alternative. In summary, for the SEIS, for each project alternative, a
total of 35 objectives were evaluated for the 9 fluvial river system attributes.

TRSAAM Attribute Scoring. For impact analysis for the 1999 DEIS/DEIR the TRFCRTT
developed a scoring system for evaluating the performance of each project alternative in
meeting all of the attribute objectives. Using the same approach and scoring system, for this
SEIS, the following was employed: a numerical 2 was assigned to an objective that always or
nearly always met an identified threshold (e.g., flows > 6,000 cfs and achieved the frequency
of that threshold); a numerical 1 was assigned to an objective that sometimes exceeded that
threshold; and a numerical O was assigned to an objective that never or nearly never
exceeded that threshold (less than 10 percent of the time). Using this system, each of the

35 objectives were assigned a score of “2,” “1,” or “0.” Because of the difficulty in assessing
the relative importance of each attribute objective, an assumption was made that all attribute
objectives were equally important. Therefore, there was no attempt to differentially weight
the relative contributions of each objective when summarizing an alternative’s total score.
This assumption is likely incorrect but unavoidable. For example, even if all other habitat
attributes were optimized, the inability to provide suitable water temperatures would prevent
successful restoration to the fishery. In that example water temperature and microhabitat
conditions would act to constrain any beneficial restoration gained from other habitat
objectives. However, for this analysis and to facilitate scoring of attributes, all objectives
were treated as equally important in meeting the attributes of a healthy and functioning
fluvial system.
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In summary, for each project alternative, a maximum total score of 70 was possible if all

35 objective thresholds were always or nearly always met (a score of 2 X 35 objectives = 70).
Using this process, the Maximum Flow, Flow Evaluation, Revised Mechanical Restoration,
and Modified Percent Inflow Alternatives were assessed by assigning a total score to the

11 river system attributes assuming that flows met or exceeded the attribute objective
thresholds and identified frequencies using the historic water-year class frequencies. For the
70 Percent Inflow alternative the assessment was made using representative median water
years to assess the ability of this alternative to meet the attribute objective thresholds and
identified frequencies. Finally, for the No Action, and the Mechanical Restoration project
alternatives, which do not have water-year class dependent flow schedules, attribute
assessment and scoring were made by assessing the ability of this alternative to meet the
attribute objective thresholds and identified frequencies using the flow schedules as shown in
Attachment B4.

Water Temperature and Microhabitat Attribute Evaluation. In the 1999 DEIS/DEIR and as
part of the habitat attribute analysis (above), mainstem Trinity River water temperatures were
evaluated as to their ability in meeting two temperature objectives These two temperature
objectives were: flows sufficient in quantity, on average, to meet salmonid smolt emigration
temperature requirements during normal hydro-meteorological conditions (Attribute 11,
Objective No.1); and flow volumes (450 cubic feet per second [cfs]) sufficient to meet State
Water Quality Control Board (SWQCB) temperature objectives for the Trinity River
upstream of the North Fork (Attribute 11, Objective No.2).

To assess the impacts of water temperature on populations of salmonids in the Mainstem
Trinity River for this SEIS an evaluation of the temperature-flow relationships and suitability
for the smolt lifestages of steelhead, coho and chinook salmon were conducted (see
description below). This analysis replaced the water temperature and microhabitat attribute
evaluation previously conducted in the TRAASM Analysis. The role of water temperature
acting to limiting the success of a population of salmonids were determined to be of
significant biological importance and outside the evaluation of purely physical habitat
conditions (e.g. channel migration frequency).

Assessment of Temperature Influences on Potential Salmonid Smolt Production in the
Trinity River.

The object of this analysis was to assess, evaluate, and discriminate differences (if any)
between proposed project alternatives with regards to the effects of water temperature on the
smolting success of anadromous salmonids in the mainstem Trinity River. Water
temperature is crucial to the success of salmonid populations. In order to assess temperature
effects on smolt outmigration as a potentially limiting factor, the evaluation of water
temperature effects was removed from TRSAAM and evaluated independently. Adverse
water temperature conditions could result in large losses of sensitive salmonid life-stages
(i.e. smolts) irregardless of other habitat conditions within the watershed. Due to it’s
importance to survival during out-migration and recruitment to the population, a detailed
evaluation of the effects of water temperature on emigrating smolts for the three principal
salmonid species, Chinook and coho salmon and steelhead, in the Trinity River was
conducted.
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Salmonid smolt temperature indices were developed to evaluate the impacts of changing
water temperatures on successful smolt outmigration. While the index is called a smolt
survival index, the term refers to an index of indirect smolt survival as opposed to an index of
direct acute lethality. It is recognized that not all smolts of a given cohort would be expected
to perish at the upper marginal temperature thresholds provided in Table 9. However, it
would be expected that at these temperature thresholds smolts would likely revert to a non-
migratory lifestage (parr) and attempt to rear in the river. Given that scenario, these parr may
be considered potentially lost to that years’ recruitment and therefore don’t “survive”.

This analysis focused on potential smolt survivability, based on smolt lifestage specific
temperature threshold criteria (Table B-9) identified for these species in the Trinity river
(Zedonis and Newcomb, 1997). Also, smolt emigration timing (TRFES, 1999), specific river
flows, flow/temperature relationship estimates, and smolt temperature survival estimates
were also used to calculate these indices. These factors were used to calculate an annual
smolt survival suitability index (S.1.) for each species for each alternative and No Action.
These indices, predicting smolt out-migration success at Weitchpec were then compared to
distinguish performance of proposed project alternatives in meeting for the water temperature
needs of the anadromous salmonids in the Trinity River. Furthermore the influence of
differing flow regimes and resulting water temperatures on Chinook salmon smolts and
resulting harvest and spawning escapement were evaluated using a Chinook salmon life cycle
model. The methodology and results of these analyses are found as Attachment B5 to this
Fishery Appendix.

Harvest Factors and Allocations. In the 1999 DEIS/DEIR, harvest to escapement ratios
(harvest factors) were generated for chinook salmon, coho salmon, and steelhead so that
harvest levels based on estimated spawner escapements could be generated. (See
Attachment B6 of the 1999 DEIS/DEIR Fishery Technical Appendix for methods and data
used to generate harvest factors.) From this analysis, allocation estimates for total harvest,
tribal harvest, commercial (ocean) harvest, ocean sport harvest, and inriver sport harvest
were made.

However, for this SEIS/SEIR, the results of a Chinook salmon harvest index calculated from
the smolt temperature suitability analyses replaced the escapement estimates presented in the
1999 EIS/EIR in an attempt to distinguish project alternatives. The methodology and results
of these analyses are also found as Attachment B6 to this Fishery Appendix. Chinook
salmon production was evaluated by using an existing harvest/escapement model that is
commonly used for evaluations in the Klamath Management Zone. Use of the harvest/
escapement model allowed for analysis of various smolt survival rates on the relative
numbers of adult fish between alternatives. The harvest/escapement model used in this
analysis is specific to chinook salmon life cycle uses life history parameters (age specific
survival, maturity rates, harvest rates, etc.) as developed for Trinity (or Klamath Basin)
Chinook salmon. This model utilized alternative-specific annual smolt survival indexes
generated by this document. Because no similar model exists for the steelhead and coho,
Chinook is the only species that underwent this evaluation.

Evaluation of Sediment Transport and Augmentation Needs. The flow and sediment
management actions in each alternative benefits and impacts the sediment regime on the
Trinity River. Actions are necessary to balance the coarse sediment budget by transporting
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Rush Creek sediments at a rate equal to input, and by augmenting coarse sediment
immediately downstream from Lewiston Dam to compensate that transported by the high
flow release hydrograph. To assess the ability of each alternative to accomplish sediment
transport and the needs for augmentation an analysis was conducted based on field derived
measurements conducted on the upper mainstem Trinity River. As a comparative tool, fine
and coarse sediment transport was computed for each alternative and for each water year for
that alternative. The weighted annual fine and coarse sediment transport rates for the
Lewiston and Limekiln gaging stations as reported in the TRFES (Service and Hoopa Valley
Tribe, 1999) were averaged and summarized for the analysis. The implications of the
computed fine and coarse sediment transport rates were considered in light of: (1) ability to
transport and route coarse sediment delivered from tributaries, (2) coarse sediment imbalance
in the reach immediately downstream of Lewiston Dam, which would require compensating
coarse sediment introduction (augmentation) to maintain coarse sediment storage, and (3)
ability to transport large volumes of fine sediment, which would reduce fine sediment storage
in the mainstem Trinity River. The details of the methodology are found as Attachment B9
of this Fishery Resources Appendix.

Assessment of Riparian Vegetation Regeneration. The seed dispersal timing of desirable
woody riparian species (black cottonwood, Fremont cottonwood, shiny willow) on Trinity
River floodplains occurs in the late spring and early summer months, corresponding to the
historic snowmelt hydrograph of the Trinity River. Successful plant initiation requires that:
(1) a higher elevation bar, scour channel, or floodplain surface be exposed and wetted during
the seed dispersal period, (2) the surface be exposed and moist for a short duration to allow
seed germination, (3) the subsurface capillary fringe declines at a rate less than the root
growth rate of the initiating seedling, and (4) when the flow recession transitions into the
summer baseflow period, the seedling roots are at the summer baseflow capillary fringe
(Mahoney and Rood 1992, Segelquist et al. 1993, Amlin and Rood 2002, McBride, et al.
1988. Riparian recruitment on floodplains and other higher elevation surfaces during
Extremely Wet years, and perhaps some Wet water years, is an appropriate riparian
restoration objective for the future.

To assess the ability of each alternative to provide conditions conducive to riparian seed
dispersal and riparian forest regeneration along the mainstem Trinity River, the stage-
discharge curve at the Lewiston gaging station, and assumptions of target floodplain surface
for riparian inundation, the hydrograph for each alternative was evaluated for riparian
initiation. The hydrographs for Extremely Wet and Wet water years were plotted, and the
receding hydrograph necessary for riparian initiation was also plotted. For the 70 percent
Inflow Alternative and Modified Percent Inflow Alternative, median Extremely Wet and Wet
years were used from the 1912-2002 period of record. Detailed methodology for this
analysis is found as Attachment B9 of this Fishery Resources Appendix.

Lower Klamath River Basin. There were no quantitative methods available to directly
evaluate the effects of project alternatives on the anadromous salmonid resources within the
lower Klamath River. For this reason, several assumptions were made to assist in assessing
changes or effects of alternatives on anadromous salmonid resources.
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These assumptions included:

e Increased coldwater releases to the Trinity River could reduce Klamath River tempera-
tures during mid-May through late-June to a small degree and are beneficial for emigra-
ting and immigrating salmonids (U.S. Fish and Wildlife Service and Hoopa Valley Tribe,
1999).

e Increases in flows in the Trinity River would improve habitat conditions and river system
health.

e Mechanical restoration of riverine habitats within the Trinity River would not affect ana-
dromous salmonids in the Klamath River Basin.

e Watershed protection in the Trinity River would improve habitat conditions and system
health in the Klamath River Basin.

Using these assumptions, a qualitative assessment of the effects of project alternatives, as
compared to No Action, was made.

Coastal Area. Inthe 1999 DEIS/DEIR changes in ocean salmon populations from Trinity
River stocks were analyzed. For the methodology of that analysis see the Fishery Technical
Appendix of the 1999 DEIS/DEIR. For this SEIS/SEIR, no analysis of changes in ocean
population were intended nor conducted.

Central Valley. The effects of each project alternative on the anadromous salmonids in the
Sacramento River were evaluated using Reclamation’s Sacramento River Salmon Mortality
Model, (LSACTEMC) (U.S. Bureau of Reclamation, 1991). For each project alternative,
monthly water temperatures for the Sacramento River were estimated using Reclamation’s
Sacramento River Basin Temperature Model (LSALSRC3) (U.S. Bureau of Reclamation,
1990-1991). For the purpose of the water temperature analysis, it was assumed that the
Shasta Temperature Control Device (STCD) would operate as designed. Estimated monthly
temperature data from Reclamation’s temperature model were input into Reclamation’s
salmon mortality model. Spatial and temporal spawning distributions for each of the four
chinook salmon species found in the Sacramento River were also input into the salmon
mortality model. Updated spawning distributions for winter chinook salmon from the years
1990 through 2002) were used in the salmon mortality model. From the salmon mortality
model, losses of chinook salmon eggs and fry were estimated for all four species of chinook
salmon spawning in the Sacramento River from Keswick Dam to Woodson Bridge.

There was no similar temperature mortality model available to estimate effects of project
alternatives to steelhead in the Sacramento River. To evaluate the effects of project alterna-
tives on steelhead spawning in the Sacramento River, it was assumed that estimated losses of
steelhead eggs or fry would be similar to those estimated for late-fall chinook salmon using
the LSACTEMC model. It was assumed that the peak of steelhead spawning in the
Sacramento River is February (Hallock, 1989), and subsequent steelhead egg and fry incuba-
tion occurs at times similar to those for late-fall chinook salmon (Vogel and Marine, 1992)
within the mainstem Sacramento River. It was recognized that the actual number of steel-
head spawning in the mainstem Sacramento River is likely to be much less than those
spawning in tributaries to the Sacramento River (Hallock, 1989). Therefore, any actual
adverse effects on steelhead populations, as a result of changes in water temperatures from
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project alternatives, would likely be much less than that estimated using late-fall chinook
salmon mortality as a surrogate analysis.

1.1.2.2 Significance Criteria

Effects are considered significant for anadromous salmonids if they result in any of the
following:

e Potential for reductions in the number, or restrictions of the range, of an endangered or
threatened anadromous salmonid species or an anadromous salmonid species that is a
candidate for state listing or proposed for federal listing as endangered or threatened

e Potential for substantial reductions in the habitat of any anadromous salmonid species
other than those that are listed as threatened or endangered or are candidates (CESA) or
proposed (ESA) for threatened or endangered status

e Potential for causing an anadromous salmonid population to drop below self-sustaining
levels

e Substantial adverse effect, either directly or through habitat modifications, on any ana-
dromous salmonid species identified as a sensitive or special-status species in local or
regional plans, policies, or regulations by the California Department of Fish and Game,
the U.S. Fish and Wildlife Service, or the National Marine Fisheries Service

e Substantial interference with the movement of any anadromous salmonid species

e A conflict with, or violation of, the provisions of an adopted Habitat Conservation Plan,
Natural Community Conservation Plan, or other approved local, regional, or state habitat
conservation plan relating to the protection of anadromous salmonid species

e Mortality of state or federally listed anadromous salmonid species, or anadromous
salmonid species that are candidates for listing (CESA) or proposed for listing (ESA)

e Reductions in the size of an anadromous salmonid species population sufficient to
jeopardize its long-term persistence

e Temporary impacts to habitats such that anadromous salmonid species suffer increased
mortality or lowered reproductive success that jeopardizes the long-term persistence of
those local populations

e Permanent loss of essential habitat of a listed species or special-status anadromous
salmonid species

e Reduction in the quantity or quality of habitats in which anadromous salmonid
populations occur sufficient to reduce the long-term abundance and productivity of local
populations.

Ocean sport and commercial salmon fishing levels have varied considerably from year to
year over the past 30 years within each region. Some variation in activity and harvest levels
is normal; however, substantial reductions, especially in harvest levels, can adversely affect
the industries that rely on salmon harvests. Ocean sport and commercial salmon harvests
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were not specifically analyzed for the SEIS. Benefits to salmon harvest from implementation
of the alternatives considered in the SEIS would fall within the range of those for the
alternatives considered in the 1999 DEIS/DEIR. It is likely for any of the project alternatives
considered in this SEIS, salmon harvest levels would be potentially greater than under no
action conditions. This would result in beneficial economic effects within the sportfishing
and commercial harvesting sector.

1.1.2.3 Results

Summary. The results of the comparisons of the No Action Alternative to each project
alternative are summarized in Table B-19. Compared to the No Action Alternative, the
Maximum Flow, Flow Evaluation, 70 Percent Inflow, Revised Mechanical Restoration, and
Modified Percent Inflow Alternatives would all result in highly beneficial habitat conditions
for anadromous salmonid species in the Trinity River as measured using the TRAASM
methodology. The Mechanical Restoration Alternative would result in only modest benefits
to these species in the Trinity River Basin using the TRAASM methodology. Using the
supplemental analysis of water temperature-salmonid smolt outmigration, and sediment
transport estimates the alternatives were further evaluated. The results indicated that the
water temperature conditions for smolt outmigration, as reflected in the Smolt Suitability
Indices (SI), were best for the Maximum Flow, Flow Evaluation, 70 Percent Inflow, Revised
Mechanical, and Modified Percent Inflow alternatives, (in that order). The result of the
Chinook Salmon Harvest index analyses also indicated that the improvement in harvestable
Chinook salmon increased from 1,427 percent to 370 percent over that for No Action (in the
same order of the alternatives given above). Additionally, the sediment transport analyses
indicated that the: 70 Percent Inflow, Flow Evaluation, Modified Percent Inflow and Revised
Mechanical Restoration Alternatives would provide beneficial coarse and fine sediment
transport conditions (in the order of alternatives given).

The results of the sediment transport and augmentation analysis determined that the Flow
Evaluation Alternative provided a desirable balance of fine and coarse sediment transport
along with a moderate level of gravel augmentation. The Maximum Flow and the 70 Percent
Inflow alternatives increase fine and coarse sediment transport volumes of up to approxi-
mately 90 to greater than 200 fold over that over No Action but would require a huge gravel
augmentation program to provide sustained salmonid spawning substrates. The Modified
Percent and Revised Mechanical were intermediate in their capacity to transport fine and
coarse sediments and the need for gravel augmentation when compared to No Action and the
Flow evaluation (see Table 2 and discussion in Attachment B9).

The Results of the riparian regeneration analysis indicated that the Flow Evaluation
Alternative, 70 Percent Inflow Alternative, Maximum Flow Alternative, and the Revised
Mechanical Alternative all would provide hydrographs during Extremely Wet years that
would likely result in riparian initiation on the floodplains. The Modified Percent Inflow
Alternative and No Action Alternative all have recession limbs steeper than that required to
initiate riparian vegetation and therefore would not act to promote riparian vegetative
regeneration on the upper mainstem Trinity River floodplain (see Table 3 and the discussion
in Attachment B9 to this Fishery Resources Appendix).
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Except for the Mechanical Restoration Alternative, for which there would be no change in
habitat benefits, all of the remaining alternatives would benefit, to some degree, native
anadromous salmonid species in the Klamath River Basin compared to the No Action
Alternative. These benefits would be principally due to increased flows and in some cases
somewhat cooler water temperatures in the Klamath River downstream of its confluence with
the Trinity River.

The Maximum Flow, 70 Percent Inflow, Flow Evaluation, Revised Mechanical Restoration,
and Modified Percent Inflow Alternatives all may negatively impact some of the native
anadromous salmonid species including either Winter and/or Spring-run Chinook salmon in
the Central Valley. For any impacts to Fall Chinook salmon, re-operation of the CVVP are
measures likely adequate to mitigate to less than significant any adverse effects in the Central
Valley from implementing the Maximum Flow, Flow Evaluation, Modified Percent Inflow
70 Percent Inflow, Revised Mechanical Restoration, and Modified Percent Inflow
Alternatives.

Adverse impacts from the implementation of the Maximum Flow, Flow Evaluation,
Modified Percent Inflow, and the 70 Percent of Inflow Alternatives to federal and state listed
endangered Winter-run Chinook salmon, in any water year in which the drawdown of Shasta
Reservoir results in storage levels of less than 1.9 maf on September 30th, it would be
necessary to re-consult with NOAA-Fisheries under terms of the 1993 Winter-Run Chinook
Biological Opinion (NMFS-Fisheries, 1993). This re-consultation would result in operations
that would attempt to minimize any losses to these species. Formal consultation with
NOAA-Fisheries would be continued, as necessary, in order to operationally meet the
Reasonable and Prudent Alternatives (RPAs) and Reasonable and Prudent Measures (RPMs)
stipulated in the 1993 Biological Opinion for this species.

In the case of adverse impacts from the Maximum Flow, Flow Evaluation Alternative,
Modified Percent Inflow, revised Mechanical Restoration and the 70 Percent of Inflow
Alternatives to federal and state listed threatened Spring-run Chinook salmon, continued
operation of the Cross-Channel gates in the Delta in consultation with NOAA-Fisheries
would offset, mitigate and minimize any incremental losses of these species attributed to
those alternatives.

1.1.2.4 No Action Alternative

Trinity River Basin. The results of the TRSAAM scoring for all attribute objectives for the
No Action Alternative are shown in Table B-10. The individual scoring worksheets are
shown in Attachment B6. The assumptions and rationale for scoring each attribute objective
is shown in Attachment B7. A summary of the total score of the attributes for all project
alternatives is shown in Table B-11. Attachment B5 provides details of the analysis of smolt
outmigration temperature effects for the mainstem Trinity River for the project alternatives.
Attachment B9 provides details of the sediment transport and riparian revegetation analysis
for the mainstem Trinity River.

As shown in Table B-11, the No Action Alternative scored only 4 of the total possible

70 attribute objectives points believed necessary for a restored fluvial river system. For 32 of
the 35 attribute objectives, thresholds were rated as never or nearly never exceeded

(Table B-12). For only two objectives (attribute 2-objectives 4 and 5) did the proposed No
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Action Alternative sometimes meet the attribute objective thresholds. For only one objec-
tives did the No Action Alternative always or nearly always meet attribute objective thres-
holds. Those objective thresholds that were always or nearly always met were groundwater
recharge of gravel bars (attribute 10-objective 1 (Table B-12).

Furthermore, the results of the detailed salmonid smolt temperature suitability analysis
indicated that water temperature conditions in the mainstem Trinity River would likely result
in allowing only approximately 41 percent, 84 percent, and 60 percent, of chinook and coho
salmon, and steelhead smolts (respectively) to successfully emigrate (Table B-13). The
receding limb of the spring hydrograph for the No Action alternative (Attachment B4) has
insufficient stream flows throughout the out-migration months of June and July to ensure
adequate cool water for those smolts leaving the Trinity river at Weichpec during that period.
The effect of increased water temperatures on steelhead smolts may be less critical to their
overall survival as smolts of this species could be expected to reverse their physiological
condition (smoltification), allowing them to remain in-river as parr (rearing juvenile
lifestage). Parr steelhead are significantly less vulnerable to increased water temperature,
and therefore would not necessarily be entirely lost to the population. However, this effect
would delay and would be an adverse impact, changing the timing of their entrance into the
ocean. Should this occur, an indirect index of overall survivability for steelhead parr may be
a more appropriate index for water temperature effects and the index of smolt suitability may
be an index of direct water temperature impacts to steelhead. For the results of the analysis
see Table B-13.

The weighted average sediment transport for No action is summarized in Table 1 of
Attachment B9. The fine and coarse sediment transport rates for the Lewiston and Limekiln
gaging stations as reported in the TRFES were averaged for the results shown in Table 1 in
Attachment B9. For the No Action Alternative coarse and fine sediment transport is
approximately 680 yd® and 230 yd® respectively. The benefits and deficiencies in sediment
transport and augmentation for this alternative are summarized in Table 2 of Attachment B9.
The No Action Alternative has a recession limb of the hyrodograph steeper than that required
to initiate riparian vegetation on floodplains (See Table 3, Figure 1, and discussion in
Attachment B9). Therefore, No Action is not conductive to riparian regeneration during any
water year type.

The No Action Alternative performed poorly in meeting the habitat smolt temperature,
sediment transport, and riparian revegetation requirements necessary for restoring
anadromous salmonids in the mainstem Trinity River. These results indicate that, under the
No Action Alternative, fishery habitat in the mainstem Trinity River in the year 2020 would
not provide the conditions necessary to allow salmonid stocks, including federal threatened
coho salmon, to recover to pre-dam population levels. The consequences of reduced rates of
smolt out-migration for Chinook and coho salmon during their normal emigration periods are
significant annual reductions in their respective year class recruitment, significant impedance
in recovery of coho salmon, and generally impede the overall restoration of the anadromous
fisheries in the Trinity River.

The results of the salmonid smolt temperature suitability analysis indicated that there were
significant deficiencies in the performance of the No Action Alternative, compared to the
proposed alternatives in meeting the biological needs for these species. A summary of that
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analysis and the evaluation of the differences between the No Action alternative and the other
alternatives for the Chinook harvest index are seen in Table B-14.

Furthermore, it is likely that habitat conditions would continue to deteriorate under the No
Action Alternative, resulting in lower populations of these species in the year 2020 for the
No Action Alternative.

Lower Klamath River Basin. As discussed in the methodology section, the assumptions
were that improvements in water temperature conditions and increases in flows in the Trinity
River would result in more favorable conditions in the lower Klamath River, thus benefiting
anadromous salmonids within the lower Klamath River and estuary. Habitat conditions for
the No Action Alternative would remain the same as currently found in the lower Klamath
River and estuary; therefore, anadromous salmonid populations would remain unchanged
under the No Action Alternative.

Central Valley. A summary of the estimated average annual losses of early life stages of
Chinook salmon from Reclamation’s LSACTEMC is shown in Table B-16. Tables of annual
estimated mortalities for fall, late-fall, winter, and spring Chinook salmon for the No Action
Alternative are shown in Attachment B8. In Table B-16, estimates of average annual
simulated losses of Chinook salmon for the entire simulation period (1922-1993) are
presented.

From this evaluation for the No Action Alternative for the entire period of simulation, annual
losses of Chinook early life stages averaged 18 percent for fall run and 24 percent for spring
run (Table B-16). Late-fall and federally and state endangered winter Chinook salmon losses
were estimated to be much less than those for fall and spring Chinook and averaged from 1 to
8 percent for the entire 1922-1993 simulation period (Table B-16).

Using estimated losses of late-fall Chinook salmon as an estimate for steelhead losses,
approximately 1 percent of these fish may be lost annually under the No Action Alternative
(Table B-16).

1.1.2.5 Maximum Flow Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
Maximum Flow Alternative are shown in Table B-10. The individual scoring worksheets are
shown in Attachment B6. The assumptions and rationale for scoring each attribute objective
is shown in Attachment B7. A summary of the total score of the attributes for all project
alternatives is shown in Table B-11. Fisheries Attachment B5 provides details of the analysis
of smolt outmigration temperature effects for the mainstem Trinity River for the project
alternatives. Results of the salmonid smolt outmigration temperature suitability analysis are
summarized and shown in Table B-13. Detailed results of the sediment transport and
riparian revegetation analysis is found in Attachment B9.

As shown in Table B-11, the Maximum Flow Alternative was scored 58 of the total possible
70 attribute objectives points believed necessary to restore the Trinity River fluvial river
system. Only 3 of the 35 attribute objectives thresholds were rated as never or nearly never
exceeded (Table B-12). Six of the 35 attributes were scored as sometimes meeting threshold
criteria. Twenty-six of the 35 attribute objectives were scored as always or nearly always
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exceeding objective thresholds for the Maximum Flow Alternative (Table B-12). Compared
to No Action, the Maximum Flow Alternative excelled in meeting the river system and
habitat requirements necessary for restoring naturally produced anadromous salmonids in the
mainstem Trinity River. Table B-15 summarizes the percent change in river system health
and habitat conditions for anadromous salmonids for the Maximum Flow Alternative
compared to No Action. These results indicate that river system health and habitat condi-
tions would be expected to improve approximately 1,350 percent under the Maximum Flow
Alternative as compared to the No Action Alternative, using the TRSAAM scores as a
measure of comparison (Table B-15).

The salmonid smolt temperature suitability analysis indicated that, on average, water
temperature conditions would be suitable for allowing approximately 76 percent, 99 percent,
and 81 percent of Chinook, coho, and steelhead smolts, respectively, to successfully migrate
out of the Trinity River at Weitchpec (Table B-13; Figures B5a through B5c). These indices
represent improvements of 86 percent, 18 percent and 35 percent respectively, from No
Action Alternative (Tables 6 through 8, Attachment 6). The Chinook Salmon Production
index, a measure of the potential in harvest production is 1,427 percent greater, approxi-
mately a 14-fold increase over the No Action Alternative (Table 9 of Attachment 6). The
summary of the changes in the instream release volumes, anadromous salmonid smolt
temperature survival indices, and Chinook Harvest Index from the No Action Alternative are
shown in Table B-14.

For the Maximum Flow alternative, the estimated annual coarse and fine sediment transport
volumes are estimated to be very large, and are approximately 156,000 yd® and 21,500 yd?
respectively (Table 1 Attachment B9). The huge volume of coarse sediment transported by
this alternative would require a much larger gravel augmentation program to keep coarse
sediment volumes balanced in the mainstem Trinity River. The benefits and deficiencies in
sediment transport and augmentation for this alternative are summarized in Table 2 of
Attachment B9. The recession limbs of the hydrograph during Extremely Wet and Wet years
would likely result in riparian initiation on floodplains and initiate riparian regeneration
during those water years (See Table 3 and Figures 2 and 3, and discussion in

Attachment B9).

These results indicate that, compared to the No Action Alternative, fishery habitat in the
mainstem Trinity River in the year 2020 would greatly improve under the Maximum Flow
Alternative (Table B-19). This project alternative would result in highly beneficial improve-
ments in river system and habitat conditions, including significantly improving water
temperature conditions for outmigrating smolts. These conditions would allow naturally
produced anadromous salmonid populations, including federal threatened coho salmon, to
greatly increase over those expected for No Action (Table B-14).

Lower Klamath River Basin. As discussed in the methodology section, the assumptions
were that improvements in water temperature conditions and increases in flows in the Trinity
River would result in more favorable conditions in the lower Klamath River, thus benefiting
anadromous salmonids within the lower Klamath River and estuary. Increases in flows to the
Trinity River from approximately 122 thousand acre-feet (taf) (critically dry water year) up
to 1,800 taf (extremely wet water year) would benefit habitat conditions in the lower
Klamath River and estuary. In their evaluation of the Flow Evaluation Alternative, the
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Service and Hoopa Valley Tribe (1999) found that increases in flow in the Trinity River
resulting from spring reservoir releases, dependent on timing and magnitude, can decrease or
maintain water temperatures in the Klamath River downstream of the confluence. The
temperature benefits determined from the evaluation of the Flow Evaluation Alternative
would likely occur as a result of increased discharges in the Trinity and into the Klamath
River for the Maximum Flow Alternative as well. Decreased water temperatures and
increased flows would enhance habitat conditions and reduce travel time in the lower
Klamath River during a critical period of out-migration of anadromous salmonid smolts.

Beneficial habitat conditions, as a result of more optimal temperatures and increased flows,
would likely improve survival rates of outmigrating smolts and enhance the probability of
their successful passage to the ocean. An additional benefit to anadromous salmonids in the
lower Klamath River and estuary would result from improved rearing conditions for juve-
niles that will rear in the river for an additional year before out-migrating. Coho salmon and
steelhead would particularly benefit from improvements in rearing conditions in the lower
Klamath River and estuary due to their life history characteristic of smolting and out-
migrating during the second year of their lives. For these reasons, it is likely that
anadromous salmonids in the Klamath River as well as the Trinity River Basin would
benefit. These benefits would result in increased populations under the Maximum Flow
Alternative.

Central Valley. A summary of the estimated average annual losses of early life stages of
Chinook salmon for the Maximum Flow Alternative from Reclamation’s LSACTEMC is
shown in Table B-16. Tables of annual estimated mortalities for fall, late-fall, winter, and
spring chinook salmon for the Maximum Flow Alternative are shown in Attachment B8.

From this evaluation, the Maximum Flow Alternative for the historic simulated period of
1922 through 1993 increased water temperatures in the Sacramento River resulted in an
estimated annual average loss of 27 percent of fall Chinook early life stages (Table B-16), an
increase over the No Action Alternative of 9 percent (Table B-17).The estimated losses for
late-fall chinook were nearly unchanged from those estimated for this species under the No
Action Alternative (less than approximately 1 percent) (Table B-16). The average annual
losses for endangered winter chinook were estimated to be 16 percent for the 1922-1993
simulation period (Table B-16).

Increased water temperatures in the Sacramento River resulted in an estimated annual
average loss of 55 percent of spring chinook early life stages (Table B-16), an increase over
the No Action Alternative of 31 percent percent (Table B-17).For endangered winter chinook
salmon, these estimates represent an increase in annual average losses of 8 percent greater
than those estimated for the No Action Alternative for the 1922-1993 period of simulation
(Table B-17). Reviewing the estimated losses of winter chinook salmon in Attachment B8
revealed that the majority of estimated losses for this species, compared to the No Action
Alternative, resulted from extremely high mortalities during a number of critically dry water
years (1924, 1931 through 1934, 1977, and 1988 through 1992). For any water year in which
the drawdown of Shasta Reservoir results in levels of less than 1.9 maf at the end of
September 30th, it would be necessary to re-consult with NOAA-Fisheries under terms of the
1993 Winter-Run Chinook Biological Opinion (U.S. Fish and Wildlife Service, 1993). This
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re-consultation would result in operations that would attempt to minimize any losses to these
species.

Using the estimated average annual losses of late-fall chinook salmon as an estimate for
steelhead losses in the upper Sacramento River, approximately 1 percent of these fish may be
lost annually for the Maximum Flow Alternative (Table B-16). This estimate is unchanged
from that for the No Action Alternative (Table B-17).

In summary, the estimated losses resulting from increases in water temperature on the early
life stages of chinook salmon and steelhead in the Sacramento River for the Maximum Flow
Alternative were compared to No Action. The results of this evaluation ranged from no
change to an 31 percent increase in average annual losses for the 1922-1993 period of simu-
lation (Table B-18). For the most part these incremental increases in losses are small
compared to the No Action Alternative. However, the estimated increased losses of fall,
spring, and winter- run chinook salmon in the Sacramento River are considered significant
and represent adverse effects compared to the No Action Alternative.

The results of the evaluation of the Maximum Flow Alternative on the anadromous sal-
monids within the Sacramento River are summarized in Table B-18.

The results of the evaluation of the Maximum Flow Alternative on the anadromous
salmonids of the affected area (Trinity and Klamath Basins and the Central Valley) are
summarized in Table B-19.

1.1.2.6 Flow Evaluation Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
Flow Evaluation Alternative are shown in Table B-10. The individual scoring worksheets
are shown in Attachment B6. The assumptions and rationale for scoring each attribute
objective is shown in Fisheries Attachment B7. A summary of the total score of the attrib-
utes for all project alternatives is shown in Table B-11. Fisheries Attachment B5 provides
details of the analysis of smolt outmigration temperature effects for the mainstem Trinity
River for the project alternatives. Results of the salmonid smolt outmigration temperature
suitability analysis are summarized and shown in Table B-13.

As shown in Table B-11, the Flow Evaluation Alternative was scored 49 of the total possible
70 attribute objective points believed necessary to restore the Trinity River fluvial river sys-
tem. Eight of the 35 attribute objectives were determined to never or nearly never exceed
threshold criteria (Table B-12). Five of the 35 attribute objectives were found to sometimes
exceed thresholds. Twenty-two of the 35 attribute objectives were scored as always or nearly
always exceeding objective thresholds for the Flow Evaluation Alternative (Table B-12).
While this alternative was not as effective as the Maximum Flow Alternative in meeting the
objectives of the TRAASM Attributes, compared to No Action, the Flow Evaluation
Alternative excelled in meeting the river system and habitat requirements necessary for
restoring naturally produced anadromous salmonids in the mainstem Trinity River.

Table B-15 summarizes the percent change in river system health and habitat conditions for
anadromous salmonids for the Flow Evaluation Alternative compared to No Action. These
results indicate that river system health and habitat conditions would be expected to improve
approximately 1,125 percent, approximately an 11-fold increase, under the Flow Evaluation
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Alternative as compared to the No Action Alternative, using the TRSAAM scores as a
measure of comparison (Table B-15).

The salmonid smolt temperature suitability analysis indicated that, on average, water
temperature conditions would be suitable for allowing approximately 60 percent, 95 percent,
and 80 percent of Chinook, coho, and steelhead smolts, respectively, to successfully migrate
out of the Trinity River from April 9th to August 27th at Weitchpec (Table B-13;

Figures B5a through B5c). These increases over No Action, ranged from 47 percent
(Chinook), 13 percent (coho); to 33 percent (steelhead) (Tables 6 through 8, Attachment 6).
The Chinook Salmon Production index, a measure of the potential in harvest production is
919 percent greater, approximately an 9-fold increase over the No Action Alternative

(Table 9 of Attachment 6). Compared to the No Action Alternative, the Flow Evaluation
Alternative had an estimated annual Chinook Salmon Harvest Index greater than
approximately 40,000 adults. The summary of the changes in the instream release volumes,
anadromous salmonid smolt temperature survival indices, and Chinook Harvest Index from
the No Action Alternative are shown in Table B-14.

The analysis of fine and coarse sediment transport in the upper mainstem Trinity River for
the Flow Evaluation alternative is found in Attachment B9 of this Fishery Resources
Appendix. For this alternative, the estimated annual coarse and fine sediment transport
volumes are balanced, from 8-12 fold greater than to those for No Action and are
approximately 8,570 yd® and 1,870° respectively (Table 1 Attachment B9). The benefits and
deficiencies in sediment transport and augmentation for this alternative are summarized in
Table 2 of Attachment B9. The recession limbs of the hydrograph during Extremely Wet
years would likely result in riparian initiation on floodplains and initiate riparian regeneration
during those water years. The recession limbs of the hydrograph during Extremely Wet
years would likely result in riparian initiation on floodplains and initiate riparian regeneration
during those water years (See Table 3, Figures 1 through 9, and discussion in

Attachment B9).

The Flow Evaluation alternative would provide the instream flows necessary to meet these
sediment transport processes, would notably reduce fine sediment storage, and improve
coarse sediment balance, as well as minimize coarse sediment augmentation.

These results indicate that, compared to the No Action Alternative, fishery habitat, water
temperature conditions, sediment transport, and riparian revegetation conditions in the
mainstem Trinity River in the year 2020 would greatly improve under the Flow Evaluation
Alternative (Table B-19). This alternative would result in highly beneficial improvements in
river system and habitat conditions allowing naturally produced anadromous salmonid
populations to greatly increase over those expected under No Action (Table B-14).

Lower Klamath River Basin. The Flow Evaluation Alternative would result in improved
water temperature conditions and increases in Trinity River flows, both of which would
result in more favorable conditions in the lower Klamath River. These improved conditions
would benefit anadromous salmonids within the lower Klamath River and estuary. An
annual increase in Trinity River flows, from approximately 28 taf (critically dry water year)
to approximately 475 taf (extremely wet water year), would likely improve habitat conditions
in the lower Klamath River and estuary in most years. In their evaluation of the Flow Eval-
uation Alternative, the Hoopa Valley Tribe and Service (1999) predicted that increases in
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flow in the Trinity River would reduce water temperatures in the Klamath River downstream
of their confluence. These improvements would enhance habitat conditions and reduce travel
time in the lower Klamath River during a critical period of out-migration of salmonid smolts.

Beneficial habitat conditions, as a result of more optimal temperatures and increased flows,
would likely improve survival rates of out-migrating smolts and enhance the probability of
their successful passage to the ocean. An additional benefit to anadromous salmonids in the
lower Klamath River and estuary would result from improved rearing conditions for juve-
niles that will rear in the river for an additional year before out-migrating (U.S. Fish and
Wildlife Service, 1998). Like the Maximum Flow Alternative, coho salmon and steelhead
would particularly benefit from improvements in rearing conditions in the lower Klamath
River and estuary due to their life history characteristics of smolting and out-migrating dur-
ing the second year of their lives. For these reasons, it is likely that anadromous salmonids in
the Klamath River and Trinity River Basin would benefit. These benefits would likely result
in very large increases in salmonid populations with this Alternative.

Central Valley. A summary of the estimated average annual losses of early life stages of
chinook salmon for the Flow Evaluation Alternative from Reclamation’s LSACTEMC is
shown in Table B-16. Tables of annual estimated mortalities for fall, late-fall, winter, and
spring chinook salmon for the Flow Evaluation Alternative are shown in Attachment B8.

From this evaluation for the Flow Evaluation Alternative for the historic simulated period of
1922 through 1993, increased water temperatures in the Sacramento River resulted in an
estimated annual average loss of 21 percent for fall chinook early life stages (Table B-16); an
annual increase over the No Action Alternative of 3 percent (Table B-17).Average annual
losses of late-fall and winter chinook salmon were estimated to be substantially less than
those for spring chinook and averaged less than 2 percent for late-fall chinook. This
estimated average annual loss for late-fall chinook was unchanged from that estimated for
this species under the No Action Alternative.

For the historic simulated period of 1922 through 1993, increased water temperatures in the
Sacramento River resulted in an estimated annual average loss of 32 percent of spring
chinook early life stages (Table B-16); an annual increase over the No Action Alternative of
8 percent (Table B-17). The average annual losses for endangered winter chinook were
estimated to be approximately 9 percent for the entire 1922-1993 simulation period

(Table B-16). For endangered winter chinook salmon, these estimates represent a small net
increase (less than 1 percent) in annual average losses compared to the No Action Alternative
(Table B-17).

For any water year in which the drawdown of Shasta Reservoir results in levels of less than
1.9 maf at the end of September 30th, it would be necessary to re-consult with NOAA-
Fisheries under terms of the 1993 Winter-Run Chinook Biological Opinion (U.S. Fish and
Wildlife Service, 1993). This re-consultation would result in operations which would
attempt to minimize losses to these species.

Using the estimated average annual losses of late-fall chinook salmon as an estimate for
steelhead losses in the upper Sacramento River, approximately 2 percent of these fish may be
lost annually for the Flow Evaluation Alternative (Table B-16). This estimate is only slightly
greater than that for the No Action Alternative (Table B-17).
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In summary, the estimated losses resulting from increases in water temperature on the early
life stages of chinook salmon and steelhead in the Sacramento River for the Flow Evaluation
Alternative were compared to No Action. The results of this evaluation ranged from no
change to a 8 percent increase in average annual losses for the 1922-1993 period of simula-
tion, depending on species (Table B-18). Many of the increases in losses are small as
compared to the No Action Alternative and may be within the limits of precision of the
model used to estimate them. However, the estimated losses for fall, winter, and spring run
chinook salmon in the Sacramento River are considered significant and represent adverse
effects compared to the No Action Alternative. The results of the evaluation of the Flow
Evaluation Alternative on the anadromous salmonids within the Sacramento River are
summarized in Table B-18.

The results of the evaluation of the Flow Evaluation Alternative on the anadromous
salmonids of the affected area (Trinity and Klamath Basins and the Central Valley) are
summarized in Table B-19.

1.1.2.7 70 Percent Inflow Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
70 Percent Inflow Alternative are shown in Table B-10. The individual scoring worksheets
are shown in Attachment B6. The assumptions and rationale for scoring each attribute objec-
tive is shown in Attachment B7. A summary of the total score of the attributes for all project
alternatives is shown in Table B-11. Fisheries Attachment B5 provides details of the analysis
of smolt outmigration temperature effects for the mainstem Trinity River for the project
alternatives. Results of the salmonid smolt outmigration temperature suitability analysis are
summarized and shown in Table B-13.

As shown in Table B-11, the 70 Percent Inflow Alternative was scored 50 out of the total
possible 70 attribute objective points believed necessary to restore the Trinity River fluvial
river system. A majority of the attribute objectives (19 of the 35) were determined to always
exceed threshold criteria for this alternative (Table B-12). Twelve of the 35 attribute
objectives were found to sometimes exceed objective thresholds. Only four of the

35 attribute objectives were scored as never or nearly never meeting objective thresholds for
this alternative (Table B-12).

On further evaluation using the smolt temperature suitability analysis, water temperature
conditions for the 70 Percent Inflow Alternative would, on average, would allow approxi-
mately 54 percent, 94 percent, and 74 percent of Chinook, coho, and steelhead smolts
(respectively) to successfully migrate out of the Trinity River at Weitchpec from April 9th
through August 27" (Table B-13; Figures B5a through B5c). These increases over No
Action, ranged from 33 percent (Chinook), 23 percent (steelhead); to 12 percent (coho)
(Tables 6 through 8, Attachment 6). The Chinook Salmon Production index, a measure of
the potential in harvest production is 755 percent greater, or an increase of approximately
6-fold over the No Action Alternative (Table 9 of Attachment 6).

These results indicate that, compared to the No Action Alternative, fishery habitat in the
mainstem Trinity River in the year 2020 would improve under the 70 Percent Inflow
Alternative Table B-19). This alternative would result in highly beneficial improvements in
river system and habitat conditions allowing naturally produced anadromous salmonid
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populations to significantly increase over those expected under No Action. Table B-15
summarizes the estimated changes in river system health and habitat conditions for
anadromous salmonids for the 70 Percent Inflow Alternative compared to No Action. These
results indicate that habitat conditions would be expected to improve approximately

1150 percent under the 70 Percent Inflow Alternative as compared to the No Action
Alternative, using the TRSAAM scores as a measure of comparison (Table B-15).

The analysis of the estimated fine and coarse sediment transport in the upper mainstem
Trinity River for the 70 Percent Inflow alternative is shown in Attachment B9. For this
alternative, it was estimated that the weighted annual average transport of coarse sediments
(> 8mm) for both Lewiston and Limekiln Gulch combined, would be approximately
17,000 cubic yards, or approximately 97 percent greater than that for the Flow Evaluation
Alternative (Table 1, Attachment B9). The weighted annual average transport of fine
sediment for this alternative was estimated to be approximately 3,200 cubic yards. The

70 Percent Inflow alternative would provide the instream flows necessary to meet these
sediment transport processes, would notably reduce fine sediment storage, and also greatly
increase coarse material transport. However, to rehabilitate and not maintain mainstem
Trinity River morphology, coarse bed material augmentation must meet or exceed transport
capacity (FWS, 1999). Therefore, the estimated volume of coarse bed material augmentation
would proportionally be much greater (on average, 97 percent greater) for the 70 Percent
Inflow alternative as compared to the Flow Evaluation. This additional level of
augmentation would necessitate a greater cost for and coarse bed material augmentation
program.

The benefits and deficiencies in sediment transport and augmentation for this alternative are
summarized in Table 2 of Attachment B9. The recession limbs of the hydrograph during
Extremely Wet and Wet water years would likely result in riparian initiation on floodplains
and initiate riparian regeneration during those water years (See table 3, Figures 4 and 5 and
discussion in Attachment B9).

Significant improvements in river system habitats would benefit anadromous salmonid
populations as compared to No Action. However this alternative, compared to the Maximum
Flow and the Flow Evaluation Alternatives, would not perform as well in providing cool
water temperatures for outmigrating smolts, especially after July 1. This reduction would
act to depress the overall recovery of anadromous salmonids in the mainstem Trinity River
compared to the Maximum Flow and the Flow Evaluation alternatives. The Chinook Harvest
Index for the 70 Percent Inflow alternative indicates that the average annual number of
harvestable adult Chinook salmon may be reduced from approximately 9,500 to 38,000
adults from the estimates for the Flow Evaluation and the Maximum Flow alternatives
respectively (Table 9, Attachment 6). The summary of the changes in the instream release
volumes, anadromous salmonid smolt temperature survival indices, and Chinook Harvest
Index from the No Action Alternative are shown in Table B-14.

Lower Klamath River Basin. The 70 Percent Inflow Alternative would result in improved
water temperature conditions and increased Trinity River flows in many water years. In
these years, increased annual flows (and improved water temperature conditions during smolt
out-migration) could result in improved habitat conditions in the lower Klamath River and
estuary (Table B-19). Compared to the No Action alternative, these improvements may
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result in significant benefits and improvements in populations of anadromous salmonids
under the 70 Percent Inflow Alternative.

Central Valley. A summary of the estimated average annual losses of early life stages of
chinook salmon for the 70 Percent Inflow Alternative from Reclamation’s is shown in
Table B-16. Tables of annual estimated mortalities for fall, late-fall, winter, and spring
chinook salmon for this Alternative are shown in Attachment B8.

From this evaluation, for the historic simulated period of 1922 through 1993, increased water
temperatures in the Sacramento River resulted in an estimated annual average loss of

25 percent of fall chinook salmon early life stages; an increase of approximately 7 percent
annually from the No Action Alternative (Table B-17).

Average annual losses of late-fall chinook salmon were estimated to be approximately

2 percent for the 1922-1993 simulation period (Table B-16). These estimated losses for late-
fall chinook were unchanged (less than 1 percent) from those estimated for this species under
the No Action Alternative (Table B-17).

Increased water temperatures in the Sacramento River resulted in an estimated annual
average loss of 47 percent for threatened spring chinook early life stages (Table B-16); an
increase of approximately 23 percent annually from the No Action Alternative (Table B-17).
The average annual losses for endangered winter chinook were estimated to be 11 percent for
the 1922-1993 simulation period (Table B-16). For endangered winter chinook salmon, these
estimates represent an increase of 3 percent in annual average losses from those estimated for
the No Action Alternative (Table B-17). For any water year in which the drawdown of
Shasta Reservoir results in levels of less than 1.9 maf at the end of September 30th, it would
be necessary to re-consult with NOAA-Fisheries under terms of the 1993 Winter-Run
Chinook Biological Opinion (U.S. Fish and Wildlife Service, 1993). This re-consultation
would result in operations which would attempt to minimize losses to these species. Using
the estimated average annual losses of late-fall chinook salmon as an estimate for steelhead
losses in the upper Sacramento River, approximately 2 percent of these fish may be lost
annually for the 70 Percent Inflow Alternative (Table B-16). This estimate is numerically
unchanged from that for the No Action Alternative (Table B-17).

In summary, the estimated losses resulting from increases in water temperature on the early
life stages of chinook salmon and steelhead in the Sacramento River for this alternative were
compared to No Action. The results of this evaluation ranged from no change to a 23 percent
increase in average annual losses for the 1922-1993 period of simulation, depending on
species (Table B-18). These increases in losses are relatively small as compared to the No
Action Alternative. However, these estimated losses in fall, winter and spring-run chinook
salmon in the Sacramento River are considered significant and represent adverse effects from
the No Action alternative. The results of the evaluation of the 70 Percent Inflow Alternative
on the anadromous salmonids within the Sacramento River are summarized in Table B-18.

The results of the evaluation of the 70 Percent Inflow Alternative on the anadromous
salmonids of the affected area (Trinity and Klamath Basins and the Central Valley) are
summarized in Table B-19.
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1.1.2.8 Mechanical Restoration Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
Mechanical Restoration Alternative are shown in Table B-10. The individual scoring
worksheets are shown in Attachment B6. The assumptions and rationale for scoring each
attribute objective is shown in Attachment B7. A summary of the total score of the attributes
for all project alternatives is shown in Table B-11. Fisheries Attachment B5 provides details
of the analysis of smolt outmigration temperature effects for the mainstem Trinity River for
the project alternatives. Results of the salmonid smolt outmigration temperature suitability
analysis are summarized and shown in Table B-13.

As shown in Table B-11, the Mechanical Restoration Alternative was scored 13 out of the
total possible 70 attribute objectives points believed necessary to restore the Trinity River
fluvial river system. A majority of the attribute objectives (25 of the 35) were determined to
never or nearly never exceed threshold criteria for this alternative (Table B-12). Seven of the
35 attribute objectives were found to sometimes exceed objective thresholds. Only 3 of the
35 attribute objectives were scored as always or nearly always exceeding objective thresholds
for this alternative (Table B-12). One of the objectives which was determined to always or
nearly always exceed threshold criteria was that for Attribute 8 in which periodic removal of
large deposits of tributary delta materials and construction and rehabilitation of side channels
would be accomplished by mechanical means.

Similar to conditions in the No Action alternative, the consequences of reduced rates of smolt
out-migration for Chinook and coho salmon during their normal emigration periods are signi-
ficant. As the flows under this alternative would be the same as the No Action Alternative
the water temperature conditions for the Mechanical Restoration Alternative would also
remain the same and, on average, allow only approximately 41 percent, 84 percent, and 60
percent of Chinook, coho, and steelhead smolts (respectively) to successfully migrate out of
the Trinity River at Weitchpec from April 9" through August 27" (Table B-13). Annual
reductions in their respective year class recruitment, significant impedance in recovery of
coho salmon, and generally impedance of the overall restoration of the anadromous fisheries
in the Trinity River would result from poor water temperature conditions for outmigrating
salmonid smolts (Table 13).

The total weighted average sediment transport for the Lewiston and Limekiln gaging stations
for the Mechanical Restoration Alternative is the same as that for the No action alternative
and is summarized in Table 1 in Attachment B9. The coarse and fine sediment transport is
approximately 680 yd® and 230 yd® respectively. The benefits and deficiencies in sediment
transport and augmentation for this alternative are summarized in Table 2 of Attachment B9.
This alternative has the same recession limb of the hyrodograph as the No Action alternative
and is steeper than that required to initiate riparian vegetation on floodplains (See Table 3,
Figure 1 and the discussion in Attachment B9). This alternative is not conductive to riparian
regeneration during any water year type.

This alternative was determined to provide some benefit in meeting river system attribute
objectives compared to the No Action Alternative, but much less than that for the all the
other alternatives considered. The Mechanical Restoration Alternative was not effective, as
compared to those alternatives in meeting the river system and habitat requirements neces-
sary for substantially restoring naturally produced anadromous salmonids in the mainstem
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Trinity River. Table B-15 summarizes the estimated changes in river system health and
habitat conditions for anadromous salmonids for the Mechanical Restoration Alternative
compared to No Action. These results indicate that conditions would be expected to improve
approximately 225 percent under this alternative as compared to the No Action Alternative,
using the TRSAAM scores as a measure of comparison (Table B-15). However, these
measures of habitat improvement must be tempered with the results of the smolt temperature
suitability analysis (Attachment B5). That analysis indicated that water temperature condi-
tions for smolt migration may be inadequate, especially for chinook salmon and steelhead,
and may potentially limit fishery restoration for anadromous salmonids in the Trinity River
(Table B-14). The estimated Harvest Index for the Mechanical Restoration alternative,
which would have the same Harvest Index (approximately 4,400 fall Chinook salmon adults)
as the No Action alternative (see Attachment B5, Table 9).

Compared to No Action, fishery habitat in the mainstem Trinity River in the year 2020 would
be expected to improve only slightly under the Mechanical Restoration Alternative

(Table B-19). Small and localized beneficial improvements in river system health and
function would result in small benefits to naturally produced anadromous salmonid popula-
tions as compared to No Action.

Lower Klamath River Basin. As discussed in the No Action Alternative, the assumptions
were that improvements in water temperature conditions and increases in flows in the Trinity
River would result in more favorable conditions in the lower Klamath River, thus benefiting
anadromous salmonids within the lower Klamath River and estuary. The only changes in
habitat conditions in the Trinity River Basin in the Mechanical Restoration Alternative are
through mechanical means. Therefore, no benefits resulting from increased flows or cool
water temperatures would be expected in the lower Klamath River and estuary under the
Mechanical Restoration Alternative. Habitat conditions under this alternative would remain
the same as No Action for the lower Klamath River and estuary. Anadromous salmonid
populations would likely remain unchanged under this project alternative.

Central Valley. There would be no changes to anadromous salmonid species or their
habitats in the Central Valley as a result of implementing this alternative.

1.1.2.9 Revised Mechanical Restoration Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
Revised Mechanical Restoration Alternative are shown in Table B-10. The individual
scoring worksheets are shown in Attachment B6. The assumptions and rationale for scoring
each attribute objective is shown in Attachment B7. A summary of the total score of the
attributes for all project alternatives is shown in Table B-11. Fisheries Attachment B5
provides details of the analysis of smolt outmigration temperature effects for the mainstem
Trinity River for the project alternatives. Results of the salmonid smolt outmigration
temperature suitability analysis are summarized and shown in Table B-13.

As shown in Table B-11, the Revised Mechanical Restoration Alternative was scored 37 out
of the total possible 70 attribute objective points believed necessary to restore the Trinity
River fluvial river system. A large number of the attribute objectives (14 of the 35) were
determined to always exceed threshold criteria for this alternative (Table B-12). Nine of the
35 attribute objectives were found to sometimes exceed objective thresholds. Twelve of the
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35 attribute objectives were scored as never or nearly never meeting objective thresholds for
this alternative (Table B-12).

On further evaluation using the smolt temperature suitability analysis, water temperature
conditions for the Revised Mechanical Restoration Alternative would, on average, allow
approximately 51 percent, 91 percent, and 67 percent of Chinook, coho, and steelhead smolts
(respectively) to successfully migrate out of the Trinity River at Weitchpec from April 9"
through August 27" (Table B-13 and Figures B5a through B5c). These increases over No
Action, ranged from 23 percent (Chinook), 8 percent (coho); to 12 percent (steelhead)
(Tables 6 through 9, Attachment 6). The Chinook Salmon Production index, a measure of
the potential in harvest production is 634 percent greater, or an increase of approximately 6-
fold over the No Action Alternative (Table 9 of Attachment 6). The summary of the changes
in the instream release volumes, anadromous salmonid smolt temperature survival indices,
and Chinook Harvest Index from the No Action Alternative are shown in Table B-14

These results indicate that, compared to the No Action Alternative, fishery habitat in the
mainstem Trinity River in the year 2020 would improve somewhat under the this alternative
(Table B-19). The alternative would result in beneficial improvements in river system and
habitat conditions allowing naturally produced anadromous salmonid populations to increase
over those expected under No Action. Table B-15 summarizes the estimated changes in river
system health and habitat conditions for anadromous salmonids for the Revised Mechanical
Alternative compared to No Action. These results indicate that conditions would be expected
to improve approximately 825 percent under the alternative as compared to the No Action
Alternative, using the TRSAAM scores as a measure of comparison (Table B-15).

The analysis of the estimated fine and coarse sediment transport in the upper mainstem
Trinity River for the Revised Mechanical Restoration alternative is shown in Attachment B9.
For this alternative, it was estimated that the weighted annual average transport of coarse
sediments (> 8mm) for both Lewiston and Limekiln Gulch combined, would be approxi-
mately 1,100 cubic yards, or approximately 88 percent less than that for the Flow Evaluation
Alternative (Table 1 of Attachment B9). The weighted annual average transport of fine
sediment for this alternative was estimated to be approximately 400 cubic yards. The
Revised Mechanical Restoration alternative would not generally provide the instream flows
necessary to meet sediment transport processes. This alternative would not notably reduce
fine sediment storage, or increase coarse material transport.

The benefits and deficiencies in sediment transport and augmentation for this alternative are
summarized in Table 2 of Attachment B9. For the Revised Mechanical Restoration alterna-
tive the recession limbs of the hydrograph during Extremely Wet and Wet years would likely
result in riparian initiation on floodplains and initiate riparian regeneration during those water
years (See Table 3, Figures 6 and 7, and discussion in Attachment B9).

Improvements in habitat conditions for native anadromous salmonids in the mainstem Trinity
River, as measured by the TRAASM score, must also be tempered with the results of the
smolt temperature suitability analysis. That analysis indicated that, while there is measured
improvement in water temperature for smolt migration over the No Action Alternative, this
improvement may not be sufficiently robust to optimize smolt emigration and limit fish
population recovery and restoration in the Trinity River. This alternative, compared to the
Maximum Flow and the Flow Evaluation Alternatives, would not provide perform as nearly
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well in providing cool water temperatures for outmigrating smolts, especially after July 1%
(Table B-14). The Chinook harvest index for the Revised Mechanical Restoration alternative
also indicates that the average annual number of harvestable adult Chinook salmon may be
reduced from approximately 12,500-24,000 adults (depending on the assumption of the level
of restoration for the Revised Mechanical Restoration alternative) to approximately 34,500-
46,000 adults from those estimates for the Flow Evaluation and the Maximum Flow
alternative respectively (Table B-14; and Attachment B5).

Lower Klamath River Basin. The Revised Mechanical Restoration Alternative would
result in somewhat improved water temperature conditions and increased Trinity River flows
in many water years compared to No Action. In these years, increased annual flows (and
improved water temperature conditions during smolt out-migration could result in some
modest improvements in habitat conditions in the lower Klamath River and estuary. These
benefits may result in only modest increases to populations under this alternative during
those years.

Central Valley. A summary of the estimated average annual losses of early life stages of
chinook salmon for the Revised Mechanical Restoration Alternative from Reclamation’s
LSACTEMC is shown in Table B-16. Tables of annual estimated mortalities for fall, late-
fall, winter, and spring chinook salmon for this Alternative are shown in Attachment B8.

From this evaluation for this alternative, for the historic simulated period of 1922 through
1993, increased water temperatures in the Sacramento River resulted in an estimated annual
average loss of 18 percent of fall chinook early life stages, 1 percent greater than the No
Action Alternative (Table B-17). Average annual losses of late-fall were estimated to
average approximately 1 percent for the 1922-1993 simulation period (Table B-16). These
estimated losses for late-fall chinook were also unchanged from those estimated for this
species under the No Action Alternative (Table B-17).

Increased water temperatures in the Sacramento River resulted in an estimated annual
average loss of approximately 25 percent of threatened spring chinook early life stages
(Table B-16), a change of 1 percent from the No Action Alternative (Table B-17). The
average annual losses for endangered winter chinook were estimated to be 8 percent for the
1922-1993 simulation period (Table B-16), also virtually unchanged from those estimated
for the No Action Alternative (Table B-17).

Using the estimated average annual losses of late-fall chinook salmon as an estimate for
steelhead losses in the upper Sacramento River, approximately 1 percent of these fish would
be lost annually for the Revised Mechanical Restoration Alternative (Table B-16). This
estimate is unchanged from that for the No Action Alternative (Table B-17).

In summary, the estimated losses resulting from increases in water temperature on the early
life stages of chinook salmon and steelhead in the Sacramento River for the Revised
Mechanical Restoration Alternative were compared to No Action. The results of this
evaluation resulted in small changes in average annual losses for the 1922-1993 period of
simulation, for fall and spring chinook salmon species. These estimated losses of fall and
spring chinook salmon are considered significant and represent adverse effects as compared
to the No Action Alternative. The results of the evaluation of this alternative on the
anadromous salmonids within the Sacramento River are summarized in Table B-18.
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The results of the evaluation of the Revised Mechanical Restoration Alternative on the
anadromous salmonids of the affected area (Trinity and Klamath Basins and the Central
Valley) are summarized in Table B-19.

1.1.2.10 Modified Percent Inflow Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
Modified Percent Inflow Alternative are shown in Table B-10. The individual scoring work-
sheets are shown in Attachment B6. The assumptions and rationale for scoring each attribute
objective is shown in Attachment B7. A summary of the total score of the attributes for all
project alternatives is shown in Table B-11. Fisheries Attachment B5 provides details of the
analysis of smolt outmigration temperature effects for the mainstem Trinity River for the
project alternatives. Results of the salmonid smolt outmigration temperature suitability
analysis are summarized and shown in Table B-13.

As shown in Table B-11, this Alternative was scored 51 out of the total possible 70 attribute
objective points believed necessary to restore the Trinity River fluvial river system. A large
number of the attribute objectives (23 of the 35) were determined to always exceed threshold
criteria for this alternative (Table B-12). Five of the 35 attribute objectives sometimes
exceeded objective thresholds. However, seven of the 35 attribute objectives were scored as
never or nearly never meeting objective thresholds for this alternative (Table B-12).

On further evaluation using the smolt temperature suitability analysis, water temperature
conditions for the Modified Percent Inflow Alternative would, on average, allow approxi-
mately 49 percent, 91 percent, and 58 percent of Chinook, coho, and steelhead smolts
(respectively) to successfully migrate out of the Trinity River at Weitchpec from April 9"
through August 27" (Table B-13 and Figures B5a through B5c). These increases over No
Action, ranged from 21 percent (Chinook), to 8 percent (coho) and decreased 3 percent for
steelhead (Tables 3 through 5, Attachment 6). The Chinook Salmon Production index, a
measure of the potential in harvest production is 606 percent greater, or an increase of
approximately 6-fold over the No Action Alternative (Table 9 of Attachment 6).

These results indicate that, compared to the No Action Alternative, fishery habitat in the
mainstem Trinity River in the year 2020 would greatly improve under this alternative

Table B-19). The alternative would result in beneficial improvements in river system and
habitat conditions allowing naturally produced anadromous salmonid populations to increase
over those expected under No Action. Table B-15 summarizes the estimated changes in river
system health and habitat conditions for anadromous salmonids for this Alternative compared
to No Action. These results indicate that habitat conditions would be expected to improve
approximately 783 percent under the alternative as compared to the No Action Alternative,
using the TRSAAM scores as a measure of comparison (Table B-15).

The analysis of the estimated fine and coarse sediment transport in the upper mainstem
Trinity River for the Modified Percent Inflow alternative is shown in Attachment B9. For
this alternative, it was estimated that the weighted annual average transport of coarse
sediments (> 8mm) for both Lewiston and Limekiln Gulch combined, would be
approximately 5,400 cubic yards, or approximately 37 percent less than that for the Flow
Evaluation Alternative. The weighted annual average transport of fine sediment for this
alternative was also estimated to be only approximately 1,100 cubic yards, 41 percent less

B-42 RDD\021080001 (CLR2106.DOC)



APPENDIX B FISHERY RESOURCES

than that estimated for the Flow Evaluation alternative. The Modified Percent Inflow
alternative would partially provide some of the instream flows necessary to meet sediment
transport processes, would reduce fine sediment storage somewhat, and increase coarse
material transport over that for the No Action Alternative. However these improvements
would be approximately 40-50 percent less than those estimated for the Flow Evaluation
alternative, resulting in a lesser overall benefit to mainstem Trinity River morphology.

The benefits and deficiencies in sediment transport and augmentation for this alternative are
summarized in Table 2 of Attachment B9. The Modified Percent Inflow Alternative
generally have recession limbs steeper than that required to initiate riparian vegetation on
floodplains. Because the analyses for the Modified Percent Inflow Alternative uses the
median years to represent an Extremely Wet and a Wet water years type, the median year
does not represent all years for those two water year classes. Therefore, there could be
individual years within the period of record where the recession limbs are sufficient to
initiate riparian vegetation. (See Table 3, Figures 8 and 9, and discussion in Attachment B9).

In addition, these measures of habitat improvement must be tempered with the results of the
smolt temperature suitability analysis. That analysis indicated that, while there is measured
improvement in water temperature for smolt migration over the No Action Alternative, these
improvements may not be adequate and inhibit the rate of fishery recovery in the Trinity
River. The Modified Percent Inflow alternative, compared to the Maximum Flow and the
Flow Evaluation Alternatives, would not perform as well in providing cool water tempera-
tures for outmigrating smolts, especially after July 1% (Table B-14). The Chinook Harvest
Index for the Modified Percent Inflow alternative also indicates that the average annual
number of harvestable adult Chinook salmon may be reduced from approximately 18.000 to
47,000 adults from the estimates for the Flow Evaluation and the Maximum Flow alterna-
tives respectively (Table 9, Attachment 6). The summary of the changes in the instream
release volumes, anadromous salmonid smolt temperature survival indices, and Chinook
Harvest Index from the No Action Alternative are shown in Table B-14.

Lower Klamath River Basin. Compared to the No Action Alternative, the Modified
Percent Inflow Alternative would result in improvements in water temperature conditions
and increased Trinity River flows in many water years. In these years, increased annual
flows (and improved water temperature conditions during smolt out-migration could result in
improvements in habitat conditions in the lower Klamath River and estuary. These benefits
would result in increases to populations under this alternative (Table B-16).

Central Valley. A summary of the estimated average annual losses of early life stages of
chinook salmon for this Alternative from Reclamation’s LSACTEMC is shown in

Table B-16. Tables of annual estimated mortalities for fall, late-fall, winter, and spring
chinook salmon for this Alternative are shown in Attachment B8.

From this evaluation for the Modified Percent Inflow Alternative, for the historic simulated
period of 1922 through 1993, increased water temperatures in the Sacramento River resulted
in an estimated annual average loss of 19 percent of fall chinook early life stages

(Table B-16); an increase of approximately 2 percent annually from the No Action
Alternative (Table B-17). Annual losses of late-fall chinook salmon were estimated to be
approximately 1 percent for the 1922-1993 simulation period (Table B-16). These estimated
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losses were unchanged from those estimated for this species under the No Action Alternative
(B-16).

Increased water temperatures in the Sacramento River resulted in an estimated annual
average loss of 27 percent of threatened spring chinook early life stages (Table B-16); an
increase of approximately 4 percent annually from the No Action Alternative (Table B-17).
The average annual losses for endangered winter chinook were estimated to be 8 percent for
the 1922-1993 simulation period (Table B-16). These estimates represent a small increase
(slightly less than Y2 of 1 percent) that those estimated for the No Action Alternative

(Table B-17).

Using the estimated average annual losses of late-fall chinook salmon as an estimate for
steelhead losses in the upper Sacramento River, approximately 1 percent of these fish may be
lost annually for this Alternative (Table B-16). This estimate is unchanged from that for the
No Action Alternative(Table B-17).

In summary, the estimated losses resulting from increases in water temperature on the early
life stages of chinook salmon and steelhead in the Sacramento River for the Modified Percent
Inflow Alternative were compared to No Action. The results of this evaluation ranged from
no change to approximately 4 percent increase in average annual losses for the 1922-1993
period of simulation, depending on species (Table B-18). These increases in losses are small
as compared to the No Action Alternative and may be within the limits of precision of the
model used to estimate them. However, these estimated losses in fall, and spring-run
chinook salmon in the Sacramento River are considered significant and represent adverse
effects from the Modified Percent Inflow Alternative. The results of the evaluation of this
Alternative on the anadromous salmonids within the Sacramento River are summarized in
Table B-18.

The results of the evaluation of the modified Percent Inflow Alternative on the anadromous
salmonids of the affected area (Trinity and Klamath Basins and the Central Valley) are
summarized in Table B-19.

1.1.2.11 Existing Conditions versus Preferred (Flow Evaluation)
Alternative

Trinity River Basin and Lower Klamath River Basin. The No Action Alternative is, by
definition, projected into the year 2020. Existing Conditions are representative of current
conditions (2001 level of development). For CEQA purposes, the Preferred (Flow
Evaluation) Alternative, which is also projected into the year 2020, must be compared to
Existing Conditions. This comparison should be consistent with analyses performed to
compare action alternatives to the No Action Alternative. The No Action Alternative and
Existing Conditions have the same volume of water releases to the Trinity River, and are
modeled on similar release schedules. The TRSAAM cannot detect temporal changes for the
same release schedule; hence, the TRSAAM analysis results in the same number of estimated
fish for both the No Action and Existing Conditions. The only difference between the No
Action Alternative and Existing Conditions for fishery resources is the passage of time

(~20 years).
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Although the river and its fish habitats would continue to gradually degrade under the No
Action Alternative, the majority of the degradation occurred in the decade immediately
following dam construction. Therefore, naturally producing anadromous salmonid popu-
lations are not expected to substantially change from existing conditions versus the projected
numbers for the No Action Alternative. The change that would occur over this 20-year
period under the 340 taf water volume will not significantly improve conditions in the Trinity
River, river health, or the diversity of fish habitats, and correspondingly will result in, at best,
status quo fish populations, and likely somewhat reduced populations.

Implementation of the Preferred Alternative would substantially restore the diverse fish
habitats necessary for restoration and maintenance of anadromous salmonid populations
compared to existing conditions. Because the Preferred Alternative also includes the water-
shed protection component of the Mechanical Restoration Alternative, it would likely
accelerate and enhance the improvements in habitat and the resultant increases in salmonid
production. The Preferred Alternative would also benefit the lower Klamath River beyond
the benefits accrued by either the Flow Evaluation Alternative or Revised Mechanical
Restoration Alternative individually, due to increased flow releases and improved watershed
conditions.

The TRSAAM was only intended to show relative differences between the alternatives after
the passage of time (i.e., projected conditions in the year 2020). Existing Conditions is not
an alternative, but represents today’s conditions with today’s environment. No Action condi-
tions are predicted to be slightly worse than what exist today (Existing Conditions), because
the volume of water available is not sufficient to manage for a healthy river. The Preferred
Alternative has additional measures to improve fish habitat than the Flow Evaluation
Alternative alone, so the Preferred Alternative will be better at improving fish habitats and
increasing the fish populations that depend on those habitats.

If these four scenarios were ranked for conditions that promote river health, habitat restora-
tion, and naturally producing fish populations, beginning with the best conditions for fishery
resources, the ranking would be:

1. Preferred Alternative
2. Flow Evaluation

3. Existing Conditions
4. No Action

Because of the similarity between the Preferred Alternative and the Flow Evaluation
Alternative, and the similarity between Existing Conditions and the No Action Alternative,
and their relative rankings to one another, it seems appropriate to conclude that the amount of
improvement of the Preferred Alternative over Existing Conditions (1 vs. 3) will be similar to
the improvement of the Flow Evaluation Alternative over the No Action Alternative (2 vs. 4).

This is the most consistent and logical way to compare, given the following limitations:

1. There was no way to use the TRSAAM to show differences between these No Action and
Existing Conditions.

2. Using the actual escapement data for comparison with modeled results from the
TRSAAM analysis is inconsistent with alternative assessment methodologies.
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The TRSAAM was only intended to show relative differences between the alternatives after
the passage of time (i.e., projected conditions in the year 2020).

Central Valley. A summary of the estimated average annual losses of early life stages of
chinook salmon for the Preferred Alternative and existing conditions from Reclamation’s
LSACTEMC Model are shown in Table B-18. Tables of annual estimated mortalities for
fall, late-fall, winter, and spring chinook salmon for the Flow Evaluation Alternative and
existing conditions are shown in Attachment B8.

Increased water temperatures in the Sacramento River resulted in an estimated annual
average loss of 21 percent of fall chinook early life stages for the Preferred Alternative
(Table B-15), an increase over existing conditions of 3 percent (Table B-17). Average
annual losses of late-fall chinook salmon were estimated to be approximately 1 percent for
the simulation period (Table B-15). The estimated average annual loss of late-fall chinook
was unchanged from that estimated for this species under the existing conditions

(Table B-17).

Increased water temperatures in the Sacramento River resulted in an estimated annual
average loss of nearly 32 percent of spring chinook early life stages for the Preferred
Alternative (Table B-16), an increase over existing conditions of approximately 8 percent,
(Table B-17). For the Preferred Alternative, the average annual loss of winter chinook was
estimated to be approximately 9 percent for the 1922-1993 simulation period (Table B-15).
This estimate represents an increase in annual average loss of less than approximately

1 percent greater than those estimated for existing conditions (Table B-17).

Reviewing the annual estimated losses of winter chinook salmon in Attachment B8 revealed
that the majority of the estimated loss of this species, compared to existing conditions,
resulted from extremely high mortalities during three critically dry water years (1933, 1934,
and 1977). For any water year during which the drawdown of Shasta Reservoir results in
levels of less than 1.9 maf at the end of September 30, it would be necessary to re-consult
with NOAA-Fisheries under terms of the 1993 Winter-Run Chinook Biological Opinion
(NMFS, 1993). This re-consultation would result in operations that would attempt to
minimize losses to these salmonid species.

Using the estimated average annual losses of late-fall chinook salmon as an estimate for
steelhead losses in the upper Sacramento River, approximately 1 percent of these fish may be
lost annually for the Preferred Alternative (Table B-16). This estimate is less than 1 percent
greater that that estimated for existing conditions Table B-17.

In summary, the estimated losses resulting from increases in water temperature on the early
life stages of chinook salmon and steelhead in the Sacramento River for the Preferred
Alternative were compared to existing conditions. The results of this evaluation from no
change to a 8 percent increase in average annual losses for the 1922-1993 period of
simulation, depending on species (Table B-18). These increases in losses are small as
compared to existing conditions and may be within the limits of precision of the model used
to estimate them. However, the estimated losses of chinook salmon in the Sacramento River
for the Preferred Alternative are considered significant and represent adverse effects
compared to the existing conditions.
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The results of the evaluation of impacts of anadromous salmonids within the Trinity and
Klamath River Basins, and the Central Valley, for the Preferred Alternative as compared to
existing conditions are summarized in Table B-18.

1.2 OTHER NATIVE ANADROMOUS FISH

1.2.1 Affected Environment

Other native anadromous fish species (non-salmonids) found in the areas affected by the
project include: white sturgeon (Acipenser transmontanus), green sturgeon (A. medirostris),
Pacific lamprey (Lampetra tridentata), and candlefish (eulachon) (Thaleichthys pacificus).

1.2.1.1 Trinity River Basin

Native, non-salmonid, anadromous species found in the Trinity River Basin are listed in
Table B-1. These species include: white and green sturgeon and Pacific lamprey. As stated
previously, anadromous species spend their early life stages in fresh water, migrate to the
ocean for maturation, and return to their natal stream to spawn.

Habitat Characteristics and Requirements. Life history characteristics and habitat
requirements for green sturgeon and Pacific lamprey in the Trinity River Basin are less
precisely known than those for anadromous salmonids. However, life history information
and habitat requirements for these species in other river systems have been established. This
information is summarized and shown in Table B-20. Green sturgeon are thought to spend
less time in fresh water as compared to white sturgeon (Moyle et al., 1995). Migrating green
sturgeon move into the Klamath Basin in late February through July and spawn in spring and
early summer. Sturgeon require water depths greater than 9 feet (Galbreath, 1979) and water
temperatures of approximately 58°F. (Kolhorst, 1976). After spawning, the adhesive eggs of
sturgeon settle to the river bottom and attach to substrates. Excessive fine sediment can
decrease the adhesiveness of sturgeon eggs, preventing their attachment on the bottom
following spawning (Conte, et al. 1988). Rearing requirements for juvenile sturgeon are
generally unknown except that juvenile green sturgeon remain within fresh water
environments until they emigrate to the estuary sometime during summer through fall and
leave the estuary before they are 2 years of age (Moyle, et al., 1995).

Pacific lamprey are somewhat unique in that they have a larval life stage (ammocoete) which
remains buried in soft substrates for as long as 5 years before emergence and emigration.
Generalized life history and habitat characteristics for Pacific lamprey are summarized in
Table B-20.

Populations. While the numbers of non-salmonid native anadromous species residing in the
Trinity and Klamath River Basins is generally unknown, it has been established that these
basins contain the largest spawning population of green sturgeon in California. Apparently,
only small runs of white sturgeon occur in the Klamath and Trinity River Basins. In the
Trinity Basin, spawning green sturgeon are known to occur in the mainstem upstream to at
least as far as Gray’s Falls, near Burnt Ranch. Historically, green sturgeon were also known
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to use the South Fork. Since the large flood in 1964, this species was apparently eliminated
due to the loss of suitable sturgeon habitat in the South Fork (Moyle, et al., 1995).

The only population information generally available for sturgeon is the green sturgeon
harvest estimated annually from the Native American net harvests in the spring and early
summer. Typical green sturgeon catches reported for the Yurok tribal harvest in the Klamath
River have ranged from 158 adult green sturgeon in 1987 to 810 in 1981 with a mean of 349
in 1987 (Moyle, et al., 1995). Yurok tribal harvest for 1990 and 1991 were 239 and 309 fish,
respectively. These estimates do not account, however, for tribal harvest in the Trinity River
Basin by the Hoopa Valley Tribe. Some juvenile green sturgeon have been captured during
annual surveys in the mainstem Trinity as far as Big Bar.

1.2.1.2 Lower Klamath River Basin

In addition to the native non-salmonid anadromous species found in the Trinity River Basin
(Table B-1), eulachon are known to occur in the lower Klamath River. The non-salmonid
anadromous species found in the lower Klamath River Basin include: white and green
sturgeon, Pacific lamprey, and candlefish.

Life history characteristics and habitat requirements for green sturgeon, white sturgeon, and
Pacific lamprey are previously described for those species found in the Trinity River

(Table B-20). The populations of sturgeon and lamprey found in the lower Klamath River
Basin is unknown. The only information available for these species is the number of green
sturgeon harvested annually in the Native American net harvests. See discussion in Trinity
River Basin section above.

The main population of eulachon in California occurs in the Klamath River (Moyle, et al.,
1995). These native anadromous species spend most of their lives in salt water, migrating
into the Klamath in March and April. Eulachon penetrate no more than approximately

6-8 miles upstream of the mouth of the Klamath River. Mass spawning occurs following
their arrival during nighttime hours. After hatching, the larvae are swept downstream to the
ocean immediately. Eulachon populations in the Klamath estuary have been severely
depressed since the mid-1980s.

1.2.1.3 Coastal Area

The coastal area adjacent to the Klamath River Basin provides rearing and foraging habitat
for the maturing and adult life stages of the native non-salmonid anadromous species found
in the lower Klamath and Trinity River Basins. Habitat conditions in this coastal near shore
and ocean environment are subject to natural productivity as affected by physical and biolog-
ical oceanic processes, weather, and climate patterns. Except indirectly, humans generally do
not affect populations of these species in the coastal areas adjacent to the Klamath River
Basin as there is no commercial and little, if any, recreational harvest of these species.
Factors affecting the abundance of these species in the coastal areas adjacent to the project
are likely to be the result of natural factors.
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1.2.1.4 Central Valley

The native non-salmonid anadromous fish in the Central Valley include the green sturgeon
and white sturgeon, and Pacific lamprey. Life history and habitat characteristics have
previously been described in the Klamath and Trinity River Basin discussion above.

The estimated population of adult white sturgeon in the Central Valley for the period of
1967-1991 has been estimated to be approximately 64,000 fish with a low of 28,000 estima-
ted for the year 1990 (Mills and Fisher, 1993) (Attachment B1, Table B1-10 of the 1999
DEIS/DEIR Fishery Technical Appendix). Adult green sturgeon abundance for the same
interval has been estimated to be approximately 870 fish (Mills and Fisher, 1994). There are
no estimates of Pacific lamprey in the Central Valley.

The factors affecting the abundance of native non-salmonid anadromous fish in the Central
Valley include: inadequate stream flows and temperatures in the Sacramento and San Joaquin
Rivers, water export/inadequate outflows in the Delta, entrainment losses at water diversions,
lack of abundant food, poor water quality, predation by and competition from introduced
species, and lack of suitable spawning and rearing habitat. (U.S. Fish and Wildlife Service,
1995).

1.2.2 Environmental Consequences

1.2.2.1 Methodology

Trinity River Basin. There are no direct methods to assess the effects of project alternatives
on other native anadromous fish species in the Trinity River. To evaluate the effects of the
project on these species the following assumptions were made:

e Increased coldwater releases to the Trinity River are not harmful for other native
emigrating and immigrating anadromous fish species.

e Increases in stream flows in the Trinity River would improve habitat conditions and river
system health for other native anadromous fish species within the Trinity River.

e Mechanical restoration of riverine habitats within the Trinity River would not affect other
native anadromous fish species within the Trinity River.

e Watershed protection activities in the Trinity River would improve habitat conditions and
river system health for other native anadromous fish species within the Trinity River.

In summary, for the purposes of this analysis, it was assumed that any benefits or adverse
effects on native anadromous fish species in the Trinity River would be the same as those for
naturally produced anadromous salmonid species. Using these assumptions, a qualitative
assessment of the effects of project alternatives, as compared to No Action, was made.
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Lower Klamath River Basin. There were no methods available to directly measure or
evaluate the effects of project alternatives on other native anadromous fish resources within
the lower Klamath River. For this reason, several assumptions were made to assist in
assessing the effects of project alternatives on these resources. These assumptions were:

e Increased coldwater releases to the Trinity River reduce Klamath River temperatures
during mid-May through late-June (U.S. Fish and Wildlife Service, 1998) and are not
harmful for native non-salmonid anadromous fish.

e Increases in stream flows in the Trinity River would improve habitat conditions and river
system health for other native anadromous fish within the lower Klamath River and
estuary.

e Mechanical restoration of riverine habitats within the Trinity River would not affect other
native anadromous fish species within the lower Klamath River.

e Watershed protection activities in the Trinity River would improve habitat conditions and
river system health for other native anadromous fishery resources in the lower Klamath
River.

In summary, for the purposes of this analysis, it was assumed that any benefits or adverse
effects on native anadromous fish species in the Klamath River would be the same as those
for naturally produced anadromous salmonid species in the Klamath River. Using these
assumptions, a qualitative assessment of the effects of each project alternative, as compared
to No Action, was made.

Coastal Area. There were no methods readily available to estimate or directly measure any
effect of project alternatives on other native anadromous species inhabiting Coastal Area. It
was assumed that there would be no measurable or incremental effect on food availability,
rates of predation or survival, or other ecological consequences to other native anadromous
fish species in the adjacent Coastal Areas as a result of any of the project alternatives.
Therefore, it was assumed that there would be no likely measurable effects.

Central Valley. There are no direct methods for estimating the effects of project alternatives
on native non-salmonid anadromous fish species in the Central Valley. For the purpose of
estimating effects of the project alternatives, it was assumed that any adverse effects or
benefits to naturally produced anadromous salmonid species in the Central Valley from
changes in stream flows resulting in reduced habitat area would similarly effect or benefit
other native anadromous fishery resources.

To evaluate the potential effects of the project alternatives on other native anadromous fish
species in the Central Valley, a comparison of the annual flows at various locations in the
Sacramento River (and Delta) was conducted. Total annual discharges for each alternative
for Keswick, Grimes, Verona, inflow into the Delta, and outflow from the Delta were com-
pared to the No Action Alternative to determine potential changes in habitat for other native
anadromous fish species. It was assumed that decreases in monthly average stream flows or
inflows and outflows in the Delta greater than 10 percent of those for the No Action
Alternative would be sufficient to reduce habitat quality and/or quantity for other native
anadromous fish in the Central Valley. The evaluation was focused on the middle and lower
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portions of the Sacramento River and Delta as this region provides the majority of spawning
and rearing habitats for species such as sturgeon in the Central Valley.

1.2.2.2 Significance Criteria

Effects are considered significant for native anadromous fish (other than salmonids) if they
result in any of the following:

Potential for reductions in the number, or restrictions of the range, of an endangered or
threatened native anadromous species or a native anadromous species that is a candidate
for state listing or proposed for federal listing as endangered or threatened

Potential for substantial reductions in the habitat of any native anadromous species other
than those that are listed as threatened or endangered or are candidates (CESA) or
proposed (ESA) for threatened or endangered status

Potential for causing a native anadromous fish population to drop below self-sustaining
levels

Substantial adverse effect, either directly or through habitat modifications, on any native
anadromous fish species identified as a sensitive or special-status species in local or
regional plans, policies, or regulations by the California Department of Fish and Game,
the U.S. Fish and Wildlife Service, or the National Marine Fisheries Service

Substantial interference with the movement of any native anadromous fish species

A conflict with, or violation of, the provisions of an adopted Habitat Conservation Plan,
Natural Community Conservation Plan, or other approved local, regional, or state habitat
conservation plan relating to the protection of native anadromous fish species

Mortality of state or federally listed anadromous species, or species that are candidates
for listing (CESA) or proposed for listing (ESA)

Reductions in the size of a native anadromous species’ population sufficient to jeopardize
its long-term persistence

Temporary impacts to habitats such that native anadromous species suffer increased
mortality or lowered reproductive success that jeopardizes the long-term persistence of
those local populations

Permanent loss of essential habitat of a listed species or special-status native anadromous
fish species

Reduction in the quantity or quality of habitats in which native anadromous populations
occur sufficient to reduce the long-term abundance and productivity of local populations

1.2.2.3 Results

Summary. The results of the comparisons of the No Action Alternative to each project
alternative are summarized in Table B-19. Compared to the No Action Alternative, the
Maximum Flow, Flow Evaluation, 70 Percent Inflow, Revised Mechanical Restoration, and
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Modified Percent Inflow Alternatives would all result in highly beneficial habitat conditions
for other anadromous species in the Trinity River. The Mechanical Restoration Alternative
would result in only modest benefits to these species in the Trinity River Basin. Except for
the Mechanical Restoration Alternative, all of the alternative would benefit other anadromous
species in the Klamath River Basin to some extent. This benefit would be principally due to
increased flows and somewhat cooler water temperatures in the Klamath River downstream
of its confluence with the Trinity River.

The Maximum Flow, Alternative may adversely impact other anadromous species in the
Central Valley. In the Central Valley, there would be no measures to mitigate, to less than
significant, the adverse effects to native resident species from implementing from
implementing the Maximum Flow, Alternative.

1.2.2.4 No Action Alternative

Trinity River Basin. As stated in the methodology section, it was assumed that increased
coldwater releases to the Trinity River would not harm other native anadromous as well as
naturally produced anadromous salmonid species. Increased stream flows in the Trinity
River would provide river system benefits resulting in improved habitat conditions for the
other native anadromous fish species. Mechanical habitat restoration and watershed
sediment management activities on the mainstem Trinity River would improve habitat
conditions and benefit other native anadromous fish species in the Trinity River Basin. Thus,
it was assumed that any benefits or adverse effects on native anadromous fish species in the
Trinity River would be the same as those for naturally produced anadromous salmonid
species. Using these assumptions, the assessment of the effects of the No Action Alternative
on other anadromous species was made.

The No Action Alternative performed poorly in meeting the river system attributes and
habitat requirements necessary for restoring naturally produced anadromous salmonids in the
mainstem Trinity River (Tables B-10 and B-11). TRSAAM results indicate that, under the
No Action Alternative, fishery habitat in the mainstem Trinity River in the year 2020 would
also not likely provide the conditions necessary to allow other native anadromous stocks to
recover to pre-dam population levels.

Lower Klamath River Basin/Coastal Area. It was assumed that any benefits or adverse
effects on native anadromous fish species in the Klamath River would be the same as those
for naturally produced anadromous salmonid species in the Klamath River. Using these
assumptions, a qualitative assessment of the effects of the No Action Alternative was made.
As shown in Tables B-10 and B-11, the No Action Alternative performed poorly in meeting
the river system attributes and habitat requirements necessary for restoring naturally
produced anadromous salmonids in the mainstem Trinity River. TRSAAM results indicate
that, under the No Action Alternative, fishery habitat in the mainstem Trinity River in the
year 2020 would also not likely provide the conditions necessary to provide sufficient
benefits to other native anadromous species in the lower Klamath River and estuary to restore
populations to pre-dam levels.

Central Valley. The other native anadromous fish in the Central Valley that may be affected
by the project are green and white sturgeon and Pacific lamprey. All of these species are
primarily found in the middle to lower reaches of the Sacramento River, the Delta, and the
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lower reaches of the San Joaquin River. For the simulated period 1922-1993, the average
annual discharge of the Sacramento River as estimated at Grimes and Verona was
approximately 11,300 cfs and 19,300 cfs, respectively (Table B-21). Total average annual
inflow and outflows for the Delta are approximately 29,200 cfs and 19,900 cfs, respectively
(Tables B-22 and B-23). Habitat quantity and quality for the other native anadromous
species in the Central Valley areas affected by the project alternatives are directly effected by
the volume and quality of water moving through this region. The changes, from No Action,
in estimated average yearly and monthly Sacramento River discharges and Delta inflows and
outflows were used to qualitatively evaluate changes in habitat for these species. This is
necessary as there are no specific habitat/discharge relationships known for these species for
the Sacramento River or Delta..

1.2.2.5 Maximum Flow Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
Maximum Flow Alternative are shown in Table B-10 and are summarized in Table B-11. As
shown in these tables, the Maximum Flow Alternative was scored 58 of the total possible

70 attribute objectives points believed necessary to restore the Trinity River fluvial river
system. Compared to No Action, the Maximum Flow Alternative excelled in meeting the
river system and habitat requirements necessary for restoring naturally produced anadromous
salmonids in the mainstem Trinity River. This would also greatly enhance habitat conditions
for other anadromous fish species in the Trinity Basin (Table B-19). These results indicate
that river system health and habitat conditions would be expected to improve approximately
1350 percent under the Maximum Flow Alternative as compared to No Action, using the
TRSAAM scores as a measure of comparison (Table B-15). These results indicate that,
compared to the No Action Alternative, fishery habitat in the mainstem Trinity River in the
year 2020 would greatly improve under the Maximum Flow Alternative and would likely
result in large increases in other native anadromous fish populations as compared to those
expected from the No Action Alternative.

Lower Klamath River Basin/Coastal Area. Improvements in water temperature conditions
and increases in flows in the Trinity River would result in more favorable conditions in the
lower Klamath River, thus benefiting other anadromous species within the lower Klamath
River and estuary. Increases in flows to the Trinity River would increase habitat quantity and
benefit habitat conditions in the lower Klamath River and estuary. Increases in flow in the
Trinity River resulting from spring reservoir releases would improve temperature conditions
in the Klamath River downstream of the confluence. This alternative would provide habitat
conditions more suitable to other native anadromous fish species than the No Action
Alternative.

Beneficial habitat conditions, as a result of more optimal temperatures and increased flows,
would likely improve survival rates for young life stages of other native anadromous species
and enhance the probability of their successful passage to the ocean. Improved habitat condi-
tions for juveniles rearing in the lower Klamath River and estuary would also likely occur
(Table B-19). These benefits would likely result in increased populations under the
Maximum Flow Alternative.
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Central Valley. It was assumed that decreases in monthly average stream flows greater than
10 percent of those for the No Action Alternative during months critical to spawning and
early rearing (February through August) would significantly diminish habitat quality and
quantity for other native anadromous species in the Central Valley. Increases in flows
greater than 10 percent of those for the No Action Alternative during February through
August were considered beneficial to these species. For the simulated period 1922-1993, the
average annual discharge of the Sacramento River at Keswick, Grimes, and Verona for the
Maximum Flow Alternative is approximately 7,693, 10,500, and 18,400 cfs, respectively
(Table B-21). For the Maximum Flow Alternative, the total average annual discharges in the
upper and middle reaches of the Sacramento River decreased approximately 12 and 9 percent
at Keswick and Grimes respectively (Table B-24). The monthly average flows diminished
from 12 to up to 21 percent for some months (July through November) compared to the No
Action Alternative (Table B-24). The total average annual discharges in the lower reach of
the Sacramento River decreased by approximately 6 percent at Verona compared to those
discharges estimated for the No Action Alternative (Table B-24). Flows at Verona decreased
from 10 up to 13 percent (September through November) compared to the No Action
Alternative. Considering the magnitude of the decreases in some of the monthly average
discharges, it is likely that reductions in habitat quantity and quality would be sufficient to
adversely affect other anadromous species in the lower Sacramento River.

The average annual inflow and outflow in the Delta for the Maximum Flow Alternative is
estimated to be approximately 28,300 and 19,400 cfs, respectively (Tables B-22 and B-23).
These flows are approximately 4 percent less, on average, than those for the No Action
Alternative (Tables B-25 and B-26).

There would be substantial numbers of months in many years in which reductions in
Sacramento River flows would be significantly less than those for the No Action Alternative.
These reductions in flow and resulting habitat quality and quantity may result in significant
impacts to other native anadromous species in the Central Valley (Table B-19).

1.2.2.6 Flow Evaluation Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
Maximum Flow Alternative are shown in Table B-10 and are summarized in Table B-11. As
shown in these tables, the Flow Evaluation Alternative was scored 49 of the total possible

70 attribute objectives points believed necessary to restore the Trinity River fluvial river
system. Compared to No Action, the Flow Evaluation Alternative provided greatly improved
river system and habitat conditions necessary for restoring naturally produced anadromous
salmonids in the mainstem Trinity River. These improvements would also greatly enhance
habitat conditions for other native anadromous fish species in the Trinity Basin. The results
indicate that river system health and habitat conditions would be expected to improve
approximately 1,125 percent under the Flow Evaluation Alternative as compared to No
Action, using the TRSAAM scores as a measure of comparison (Table B-15). These results
indicate that, compared to the No Action Alternative, fishery habitat in the mainstem Trinity
River in the year 2020 would greatly improve under the Flow Evaluation Alternative

(Table B-19) and would likely result in increases in other native anadromous populations
compared to those expected from the No Action Alternative.
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Lower Klamath River Basin/Coastal Area. For the Flow Evaluation Alternative,
improvements in water temperature conditions and increases in flows in the Trinity River
would likely result in more favorable conditions in the lower Klamath River and estuary, thus
benefiting other native anadromous species. An annual increase in Trinity River flows would
likely improve habitat conditions in the lower Klamath River and estuary in most years
(Table B-19). Increases in flow in the Trinity River resulting from spring Lewiston Dam
releases would greatly improve temperature and habitat conditions in the Klamath River
downstream of the confluence with the Trinity River (U.S. Fish and Wildlife Service, 1998).

Beneficial habitat conditions, as a result of cooler summer water temperatures and increased
flows, would likely improve survival rates for young life stages of other native anadromous
species and enhance the probability of their successful passage to the ocean. Improved
habitat conditions for juveniles rearing in the lower Klamath River and estuary would likely
occur. These benefits would likely result in increased populations of these species for the
Flow Evaluation Alternative.

Central Valley. It was assumed that decreases in monthly average stream flows greater than
10 percent of those for the No Action Alternative would significantly diminish habitat quality
and guantity for other native anadromous species in the Central Valley. Increases in flows
greater than 10 percent of those for the No Action Alternative were considered beneficial to
these species. For the simulated period 1922-1993, the average annual discharge of the
Sacramento River at Keswick, Grimes, and Verona for the Flow Evaluation Alternative is
approximately 8,703, 11,000, and 19,000 cfs, respectively (Table B-21). For this alternative,
the total average annual discharges in the upper and middle reach of the Sacramento River
decreased approximately 4 and 3 percent at Keswick and Grimes, respectively, and monthly
average flows ranged from no change to a decrease of 6 percent compared to the No Action
Alternative (Table B-24). The total average discharges in the lower reach of the Sacramento
River decreased by approximately 2 percent at VVerona compared to those discharges
estimated for the No Action Alternative (Table B-24). Average monthly flows at VVerona
decreased up to 4 percent compared to the No Action Alternative. Considering the
magnitude of the decreases in the annual monthly discharges, it is likely that reductions in
habitat quantity and quality would be insufficient to adversely affect other anadromous
species in the mid and lowermost reaches of the Sacramento River.

The average annual inflow and outflow in the Delta for the Flow Evaluation Alternative is
estimated to be approximately 28,900 and 19,700 cfs, respectively (Tables B-23 and B-23).
These flows are approximately 1 percent less, on average, than those for the No Action
Alternative (Tables B-25 and B-26).

The yearly average inflows to or outflows from the Delta would not be significantly less than
those for No Action (Tables B-25 and B-26). These reductions in flow and resulting habitat
quality and quantity would not result in significant impacts to other native anadromous
species in the Sacramento River and/or the Delta for this Alternative (Table B-19).

1.2.2.7 70 Percent Inflow Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
70 Percent Inflow Alternative are shown in Table B-10 and are summarized in Table B-11.
As shown in these tables, the 70 Percent Inflow Alternative was scored 51 of the total
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possible 70 attribute objectives points believed necessary to restore the Trinity River fluvial
river system. Compared to No Action, this alternative provided significantly beneficial
improvement to river system and habitat conditions necessary for restoring anadromous
salmonids species in the mainstem Trinity River (Table B-19). These expected
improvements would likely provide significant benefits to habitat conditions for other native
anadromous fish species in the Trinity Basin. The TRSAAM analysis indicated that river
system health and habitat conditions improved approximately 1,175 percent for the

70 Percent Inflow Alternative as compared to No Action (Table B-15). These results
indicate that, compared to the No Action Alternative, fishery habitat in the mainstem Trinity
River in the year 2020 would improve under the 70 Percent Inflow Alternative and would
likely result in increases in other native anadromous fish populations as compared to the No
Action Alternative.

Lower Klamath River Basin/Coastal Area. The 70 Percent Inflow Alternative would
result in improved water temperature conditions and increased Trinity River flows in many
water years. In these years, increased annual flows (and improved water temperature
conditions) could result in improved habitat conditions in the lower Klamath River and
estuary (Table B-19). These improvements may result in significant improvements to
populations of other native anadromous salmonids under the 70 Percent Inflow Alternative.

Central Valley. It was assumed that decreases in monthly average stream flows greater than
10 percent of those for the No Action Alternative would significantly diminish habitat quality
and guantity for other native anadromous species in the Central Valley. Increases in flows
greater than 10 percent of those for the No Action Alternative were considered beneficial to
these species. For the simulated period 1922-1993, the average annual discharge of the
Sacramento River at Keswick, Grimes, and Verona for the 70 Percent Inflow Alternative is
approximately 8,007, 10,700, and 18,700 cfs, respectively (Table B-21). For this Alternative,
the total average annual discharges in the upper and middle reach of the Sacramento River
decreased approximately 9 and 6 percent at Keswick and Grimes respectively, and the range
of monthly average flows decreased 1 to 8 percent compared to the No Action Alternative
(Table B-24). The total average annual discharges in the lower reach of the Sacramento
River decreased by approximately 4 percent at VVerona compared to those discharges
estimated for the No Action Alternative (Table B-24). Average monthly flows at Verona
decreased from 1 percent (January, February, and April) to 8 percent (November) as
compared to the No Action Alternative (Table B-24). Considering the magnitude of the
decreases (>10 percent less than No Action) in the monthly average discharges at Grimes
from September through November, reductions in habitat quantity and quality may be
sufficient to adversely affect other anadromous species in the lower Sacramento River.

The average annual inflow and outflow in the Delta for the 70 Percent Inflow Alternative is
estimated to be approximately 28,600 and 19,400 cfs, respectively (Tables B-22 and B-23).
These flows are approximately 3 percent less, on average annually, than those for the No
Action Alternative (Tables B-25 and B-26).

The monthly flows in the Sacramento River and inflows to and outflows from the Delta
would not be significantly less, on average, than those for the No Action Alternative. The
reductions in discharges and outflows would result in significant reductions in habitat quality
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or quantity and therefore significant impacts to other native anadromous species would occur
in the Central Valley (Table B-19).

1.2.2.8 Mechanical Restoration Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
Mechanical Restoration Alternative are shown in Table B-10 and summarized in Table B-11.
As shown in these tables, this alternative was scored 13 out of the total possible 70 attribute
objectives points believed necessary to restore the Trinity River fluvial river system. A
majority of the attribute objectives were determined to never or nearly never exceed
threshold criteria for this alternative. This alternative was determined to provide only some
small benefit in meeting river system attribute objectives compared to the No Action
Alternative. These results indicate that conditions would be expected to improve
approximately 225 percent under this alternative as compared to No Action, using the
TRSAAM scores as a measure of comparison (Table B-15). Small and localized beneficial
improvements in river system health and function would likely result in only small benefits
to other native anadromous fish populations as compared to No Action (Table B-19).

Lower Klamath River Basin/Coastal Area. The only changes in habitat conditions in the
Trinity River Basin under the Mechanical Restoration Alternative are through mechanical
means. Therefore, no benefits resulting from increased flows or cool water temperature
would be expected in the lower Klamath River and estuary under the Mechanical Restoration
Alternative. Habitat conditions for this Alternative would remain unchanged from No Action
for the lower Klamath River and estuary. Other native anadromous fish populations in the
lower Klamath River would likely remain unchanged under this project alternative

(Table B-19).

Central Valley. This alternative would not affect habitats for other native anadromous fish
species in the Central Valley and therefore would result in no change from the No Action
Alternative (Table B-19).

1.2.2.9 Revised Mechanical Restoration Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
Revised Mechanical Restoration Alternative are shown in Table B-10 and summarized in
Table B-11. As shown in these tables, this alternative was scored 37 out of the total possible
70 attribute objectives points believed necessary to restore the Trinity River fluvial river
system. While many of the attribute objectives were determined to never or nearly never
exceed threshold criteria for this alternative there were substantial improvements in habitat
due to increased flows and physical mechanical enhancements. This alternative was
determined to be largely beneficial in meeting river system attribute objectives compared to
the No Action Alternative (Table B-19). These results indicate that conditions would be
expected to improve approximately 825 percent under this alternative as compared to No
Action, using the TRSAAM scores as a measure of comparison (Table B-15). Beneficial
improvements in river system health and function would result in benefits to other native
anadromous fish populations as compared to No Action.
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Lower Klamath River Basin/Coastal Area. The changes in habitat conditions in the
Trinity River Basin under the Revised Mechanical Restoration Alternative are largely
through mechanical means with some benefits from increase flow releases. This Alternative
would result in some improvements water temperature conditions and increased Trinity River
flows in all but critically dry water years. In those years with increased annual flows (and
improved water temperature conditions) could result in some improvements in habitat
conditions in the lower Klamath River and estuary. These benefits to habitat condition may
result in modest benefits to populations of other native anadromous fish under this alternative
(Table B-19).

Central Valley. It was assumed that decreases in monthly average stream flows greater than
10 percent of those for the No Action Alternative would significantly diminish habitat quality
and quantity for other native anadromous species in the Central Valley. Increases in flows
greater than 10 percent of those for the No Action Alternative were considered beneficial to
these species. For the simulated period 1922-1993, the average annual discharge of the
Sacramento River at Keswick, Grimes, and Verona for this alternative is approximately
8,574, 11,200, and 19,200 cfs, respectively (Table B-21). For this alternative, the total
average annual discharge in the upper and middle reaches of the Sacramento River decreased
approximately 1 percent at Keswick and Grimes, and the changes in the monthly average
flows ranged from no change in January through April to a decrease of 3 percent in October
and June compared to the No Action Alternative (Table B-24). The total average annual
discharges in the lower reach of the Sacramento River also decreased by approximately 1
percent at Verona compared to those discharges estimated for the No Action Alternative
(Table B-24). The changes in the average monthly flows at VVerona ranged from no change
(December through April and September) to a decrease of 3 percent in June as compared to
the No Action Alternative. Considering the magnitude of the decreases (>10 percent less
than No Action) in the annual and monthly average discharges, it is likely that reductions in
habitat quantity and quality would not be sufficient to adversely affect other anadromous
species in the lower Sacramento River.

The average annual inflow and outflow in the Delta for the Revised Mechanical Restoration
Alternative is estimated to be approximately 29,100 and 19,800 cfs, respectively

(Tables B-22 and B-23). These flows are approximately 1 percent less, on average, than
those for the No Action Alternative (Tables B-25 and B-26).

These changes would not result in significant adverse impacts to these species in the lower
Sacramento River/Delta for this Alternative (Table B-19).

1.2.2.10 Modified Percent Inflow Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
Modified Percent Inflow Alternative are shown in Table B-10 and are summarized in

Table B-11. As shown in these tables, this alternative was scored 51 of the total possible

70 attribute objectives points believed necessary to restore the Trinity River fluvial river
system. Compared to No Action, this alternative provided significantly beneficial
improvements to river system and habitat conditions necessary for restoring anadromous
salmonids species in the mainstem Trinity River (Table B-15). These expected improve-
ments would likely provide large improvements in habitat conditions for other native
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anadromous fish species in the Trinity Basin (Table B-19). The TRSAAM analysis indicated
that river system health and habitat conditions improved approximately 1,175 percent for this
Alternative as compared to No Action (Table B-15). These results indicate that, compared to
the No Action Alternative, fishery habitat in the mainstem Trinity River in the year 2020
would greatly improve under the Modified Percent Inflow Alternative and would likely result
in increases in other native anadromous fish populations as compared to the No Action
Alternative.

Lower Klamath River Basin/Coastal Area. The Modified Percent Inflow Alternative
would result in improved water temperature conditions and increased Trinity River flows in
most water years. In these years, increased annual flows (and improved water temperature)
would result in improved habitat conditions in the lower Klamath River and estuary. These
improvements would result in benefits to other native anadromous fish populations under the
Modified Percent Inflow Alternative (Table B-19).

Central Valley. It was assumed that decreases in monthly average stream flows greater than
10 percent of those for the No Action Alternative would significantly diminish habitat quality
and quantity for other native anadromous species in the Central Valley. Increases in flows
greater than 10 percent of those for the No Action Alternative were considered beneficial to
these species. For the simulated period 1922-1993, the average annual discharge of the
Sacramento River at Keswick, Grimes, and Verona for the Modified Percent Inflow
Alternative is approximately 8,514, 11,200, and 19,200 cfs, respectively (Table B-21). For
this alternative, the total average annual discharge in the upper and middle reaches of the
Sacramento River decreased approximately 2 percent, and the changes in monthly average
flows ranged from no change percent to a decrease of 4 percent compared to the No Action
Alternative (Table B-24). The total average annual discharge in the lower reach of the
Sacramento River (Verona) decreased by approximately 1 percent compared those estimated
for the No Action Alternative (Table B-24). Average monthly flows at Verona ranged from
no change to a decrease of 4 percent (June) as compared to the No Action Alternative.
Considering the magnitude of the decreases (>10 percent less than No Action) in the annual
and monthly average discharges, it is likely that reductions in habitat quantity and quality not
would be sufficient to adversely affect other anadromous species in the lower Sacramento
River.

The average annual inflow and outflow in the Delta for the Modified Percent Inflow
Alternative is estimated to be approximately 29,000 and 19,800 cfs, respectively
(Tables B-22 and B-23). These flows are approximately 1 percent less, on an annual
average, than those for the No Action Alternative (Tables B-25 and B-26).

None of the monthly flows in the Sacramento River and/or inflows to or from the Delta
would be significantly less, on average, than those for the No Action Alternative. For the
Modified Percent Inflow Alternative, no reductions in inflows and outflows would be
sufficient so as to result in adverse effects to other native anadromous species in the Delta
(Table B-19).
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1.2.2.11 Existing Conditions versus Preferred (Flow Evaluation)
Alternative

Trinity River Basin and Lower Klamath River Basin/Coastal Area. Implementation of
the Preferred (Flow Evaluation) Alternative would substantially restore the diverse fish
habitats necessary for restoration and maintenance of native anadromous fish populations
compared to existing conditions. The degree of improvement is similar to that of the Flow
Evaluation alternative over the No Action Alternative, even though the No Action
Alternative is projected into the year 2020. Although the river and its fish habitats would
continue to gradually degrade under the No Action Alternative, the majority of the
degradation occurred in the decade immediately following dam construction. Therefore,
native anadromous fish populations are not expected to substantially change from existing
conditions versus the projected numbers for the No Action Alternative (the TRSAAM was
not designed to detect temporal changes for the same release conditions). Because the
Preferred Alternative also includes the watershed protection component of the Mechanical
Restoration Alternative, it would likely accelerate and enhance the improvements in habitat
and the resultant increases in fish production. The Preferred Alternative would also benefit
the Klamath River beyond the benefits accrued by either the Flow Evaluation Alternative or
Mechanical Restoration Alternative individually, due to increased flow releases and
improved watershed conditions. The Preferred Alternative would likely impact native
anadromous fish in the Central Valley similar to the impacts of the Flow Evaluation
compared to the No Action Alternative.

Central Valley. It was assumed that decreases in monthly average stream flows greater than
10 percent of those for existing conditions during months critical to spawning and rearing
(February through August) would significantly diminish habitat quality and quantity for other
native anadromous species in the Central Valley. Increases in flows greater than 10 percent
of those for existing conditions were considered beneficial to these species. For existing
conditions (for the simulated period 1922-1993), the average annual discharge in the
Sacramento River as estimated for Keswick, Grimes, and Verona is approximately 8,703,
11,300, and 19,300 cfs, respectively (Table B-21). For the Preferred Alternative (Flow
Evaluation Alternative), for the simulated period 1922-1993, the average annual discharge in
the Sacramento River as estimated for Keswick, Grimes, and Verona is approximately 8,387,
11,000, and 19,000 cfs, respectively (Table B-21). The estimated changes in the average
annual Sacramento River flows for Keswick, Grimes, and VVerona for the Preferred
Alternative as compared to existing conditions are shown in Table B-24. Changes in the
estimated average annual Sacramento River flows at Keswick and Grimes for the Preferred
Alternative averaged approximately 4 percent less and ranged from no change up to nearly
10 percent less compared to existing conditions (Table B-24). These decreases in stream
flows would likely be insufficient to result in significant losses in habitat for other native
anadromous species residing in the middle and lower reaches of the Sacramento River.

For the Preferred Alternative, the total average annual discharge (in cfs) for the lower reach
of the Sacramento River at Verona decreased by an average of approximately 2 percent and
ranged from no change to a decrease of 4 percent compared to existing conditions

(Table B-24). Considering the magnitude of these decreases in annual discharges, it is not
likely that the quantity and quality of other native anadromous species’ habitats would be
significantly impacted in the lower Sacramento River reach.
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For existing conditions, the total average annual inflow and outflows for the Delta are
approximately 29,300 and 20,000 cfs, respectively (Tables B-22 and B-23). For the
Preferred Alternative, the total average annual inflow and outflow for the Delta are
approximately 28,900 and 19,700 cfs, respectively (Tables B-22 and B-23). The annual
average decrease in Delta inflows and outflows for the Preferred Alternative are 2 percent
and 3 percent, respectively, as compared to existing conditions.

On average, there would be no significant numbers of years in which inflows to the Delta
would be significantly less than those for existing conditions. These changes would not
result in significant impacts to other native anadromous species in the Delta (Table B-19).

1.3 RESIDENT NATIVE FISH

1.3.1 Affected Environment

1.3.1.1 Trinity River Basin

Resident native fish species found in the Trinity River Basin are listed in Table B-1. These
species include gamefish: rainbow trout (Oncorhynchus mykiss); and non-gamefish: speckled
dace (Rhinichthys osculus), Klamath smallscale sucker (Catostomus rimiculus), and coast
range sculpin (Cottus aleuticus).

Rainbow trout in the Trinity River Basin are found in the mainstem Trinity River, its tribu-
taries, and the Trinity River Basin reservoirs. This species is the nonanadromous form of the
steelhead that are found in cool, swift waters throughout the basin. This species spawns in
the tributaries and possibly the mainstem Trinity River in suitable riffle areas primarily
during February through late May. Eggs incubate starting in February and generally hatch no
later than late June. The Trinity River sport fishery for rainbow trout may include juvenile
steelhead and salmon, as well as rainbow trout (Frederiksen, Kamine, and Associates, 1980).

Speckled dace and Klamath smallscale sucker are common within the Trinity and Klamath
River Basins. Smallscale suckers prefer deep, quiet pools of the mainstem rivers and tribu-
taries. They are presumed to spawn in the tributary streams in these basins during the spring
months (Moyle, 1976). Speckled dace are the most widely distributed freshwater fish in the
western United States. They inhabit cool, slow, rocky-bottomed streams and rivers where
they browse on small invertebrate prey organisms. This species is found in small groups that
feed extensively at night in the Trinity River (Moyle, 1976). Coast range sculpins are
generally less abundant and widely distributed than other sculpins (Moyle, 1976). They are
typically found in swift gravel areas in the lower reaches of coastal rivers and streams. They
are active at night and thought to be predatory on small insect larvae, clams, and snails. The
abundance of these species and the factors affecting their abundance within the Trinity River
Basin is not well understood.
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1.3.1.2 Lower Klamath River Basin

In addition to the native resident species found in the Trinity River Basin, marbled sculpin
(Cottus klamathensis), prickly sculpin (Cottus asper), threespine stickleback (Gasterosteous
aculeatus), staghorn sculpin (Leptocottus armatus), longfin smelt (Spirinchus thaleichthys),
and starry flounder (Platichthys stellatus) are known to occur in the lower Klamath River
Basin (Moyle, 1976). Except for marbled sculpins, these fish are species that range into
estuarine, marine, and adjacent freshwater habitats. Other marine species such as topsmelt,
shiner perch, arrow goby, and sharpnose sculpin may occasionally occur in the lower
Klamath River estuary. The abundance and distribution of all of these species and the factors
affecting their abundance in the lower Klamath River Basin are not known.

Non-native species know to occur in the Lower Klamath are similar to those found in
upstream areas including the reservoirs. Some of these species include yellow perch, black
crappie, green sunfish, golden shiner, and brown bullhead.

Specific information on the life history characteristics and habitat requirements for longfin
smelt in the lower Klamath River Basin is generally unknown. However, these requirements
are known for the Delta estuary (see discussion in the Central Valley section below). The
population of longfin smelt found in the Klamath River estuary is small and of uncertain
status (Moyle, et al., 1995). In November 1992, two individual longfin smelt were collected
in the Klamath River estuary (Moyle, et al., 1995). The factors that limit longfin smelt
abundance in the Klamath estuary are unknown. It is likely however, that the reduction in
Klamath and Trinity Basin river flows have adversely affected this species just as Delta
outflow reductions have impacted this species’ population in the Delta.

1.3.1.3 Coastal Area

Numerous native marine species are found in tidepool, and nearshore habitats in the coastal
area adjacent to the lower Klamath River Basin. There are as many as 250 species of tide-
pool and nearshore fish in the coastal water of California (Fitch and Lavenberg, 1973), most
of which would be expected to occur in the coastal waters adjacent to the project. Important
recreational species include representatives from the following families: halibut and sanddab
(Bothidae), herring (Clupidae), surf perch (Embiotocidae), lingcod and greenling
(Hexagrammidae), smelt (Osmeridae), sole and flounder, (Pleuroectidae), and rockcod
(Scorpaenidae).

In addition, important commercial fisheries exist for numerous coastal marine fish harvested
from waters adjacent to the project area. These species include the following: flatfish,
(dover, english, petrale, and rex sole, and California halibut); roundfish, (sablefish-black cod
and Pacific hake or whiting); rockfish (genus Sebastes, Sebastolobus, and Scorpaena
including black, calico, blackgill, canary, and widow rockfish, Pacific ocean perch, bocaccio,
chilepepper, and thornyhead); albacore tuna; and lingcod. Most or all of these species are
landed in Eureka and Crescent City, California, and Brookings, Oregon.
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1.3.1.4 Central Valley

Many of the same species found in the lower Klamath and Trinity River Basins also occur in
the Central Valley. In addition to the species shown in Table B-1, the following native
resident species occur (Moyle, 1976): Pacific brook lamprey, hardhead, hitch, blackfish,
California roach, Sacramento squawfish, Sacramento splittail, Sacramento sucker, tule perch,
prickly sculpin, longfin smelt, and Delta smelt.

A longfin smelt population abundance index is annually estimated by the CDFG. For the
period for of 1967 through 1991 this index has ranged from greater than 80,000 adult fish
(1967) to less than 1,000 fish during the drought years of 1988 through 1991 (U.S. Bureau of
Reclamation, 1997). Spawning-aged fish begin moving into upper areas of their distribution
in the Suisun Bay and the middle and lower Delta in late summer. Some spawning may
occur as early as November and continue until June, and takes place in freshwater habitats
containing sandy-gravel substrates, rock, and vegetation. In the Delta, most spawning occurs
in February through April (Moyle, et al., 1995). Most longfin smelt die following spawning.
Newly hatched larvae are subject to being transported downstream into brackish waters
because of their preference for the upper water column. Therefore, increased river outflows
greatly influence longfin smelt larval survival rates as the larvae are quickly transported to
more productive estuarine environments.

Delta smelt are found in the upper Sacramento-San Joaquin estuary and were listed as
threatened by federal and state governments in 1993 (U.S. Fish and Wildlife Service, 1994).
This species is rarely found in habitats where the salinity is greater than 10-12 parts-per-
thousand (ppt) and prefers salinity of approximately 2 ppt. A target salinity of 2 ppt
occurring within Suisun Bay and the western Delta during the months of February through
June (inclusive) is thought to provide habitat conditions conducive to the survival and
recovery of this species (USFWS, 1995). The salinity target is referred to X2 and is an
approximate location in Suisun Bay and the western Delta, calculated (in Kilometers)
upstream of the Golden Gate Bridge. Delta smelt occur in the Sacramento River downstream
of Isleton and in the San Joaquin downstream of Mossdale. Adults move upstream into fresh
water during January through July to spawn downstream of Sacramento in the Sacramento
River and in the Mokelumne River and the freshwater sloughs of the Delta. Spawning can
occur at temperatures ranging from 45-62°F. Reduction of Delta outflows, high Delta
outflows, losses to entrainment at water diversions, changes in food organisms, toxic
substances, disease, competition, predation, and loss of genetic integrity in the Delta are
suspected causes in the population decline of Delta smelt (U.S. Fish and Wildlife Service,
1995).

Sacramento splittail are found only in California’s Sacramento—San Joaquin Delta and
Central Valley rivers. Presently, this species is restricted to the Delta, Suisun Bay, and
Suisun and Napa Marshes (U.S. Fish and Wildlife Service, 1999). These fish are members of
the minnow family and grow up to 16 inches long and live up to 7 years (U.S. Fish and
Wildlife Service, 1999). Peak spawning of this species occurs during March through May
but can occur from January through June. Splittail populations were found to have declined
as much as 62 percent over the last 20 years. Threats to splittail occur primarily as a result of
water-development projects. Activities that could harm splittail include: diversion of water,
levee maintenance, dredging and discharge of dredge materials, and discharges of toxic
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materials into their habitat (U.S. Fish and Wildlife Service, 1999). This species was listed as
federally threatened under ESA on March 10, 1999, by the Service (1999). However,
USFWS’s final decision to list the Sacramento splittail was subsequently challenged and on
June 23, 2000, the Federal Eastern District Court of California found the final rule to be
unlawful, and remanded the determination back for a re-evaluation of the final decision.
After a thorough review and consideration of all the best scientific and commercial
information available, USFWS removed the Sacramento splittail from the list of threatened
species effective September 22, 2003 (Fed. Reg. 68 (183), 55139-55166).

1.3.2 Environmental Consequences

1.3.2.1 Methodology

Trinity River Basin. There are no direct methods to assess the effects of project alternatives
on resident native fish species in the Trinity River. To evaluate the effects of the project on
these species, the following assumptions were made:

e Increased coldwater releases to the Trinity River are not harmful for resident native fish
species.

e Increases in Trinity River flows would improve habitat conditions and river system health
for resident native fish species within the Trinity River.

e Mechanical restoration of riverine habitat within the Trinity River would not affect
resident native fish species within the Trinity River.

e Watershed protection activities in the Trinity River would improve habitat conditions and
river system health for resident native fish species within the Trinity River.

In summary, for the purposes of this analysis, it was assumed that any benefits or adverse
effects on resident native fish species in the Trinity River would be the same as those for
naturally produced anadromous salmonid species. Using these assumptions, a qualitative
assessment of the effects of project alternatives, as compared to No Action, was made.

Lower Klamath River Basin. There were no methods available to directly evaluate the
effects of project alternatives on other native fish species within the lower Klamath River.
For this reason, several assumptions were made to assist in assessing changes or effects of
project alternatives on these resources. These assumptions were:

e Increased coldwater releases to the Trinity River reduce Klamath River temperatures
during mid-May through late-June (U.S. Fish and Wildlife Service, 1998) and are not
harmful to other resident native fish.

e Increases in stream flows in the Trinity River would improve habitat conditions and river
system health for resident native fish within the lower Klamath River and estuary.
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e Mechanical restoration of riverine habitats within the Trinity River would not affect
resident native fish species within the lower Klamath River.

e Watershed protection activities in the Trinity River would improve habitat conditions and
river system health for resident native fishery resources in the lower Klamath River.

In summary, for the purposes of this analysis, it was assumed that any benefits or adverse
effects on resident native fish species in the Klamath River would be the same as those
benefits or effects on naturally produced anadromous salmonid species in the Klamath River.
Using these assumptions, a qualitative assessment of the effects of project alternatives, as
compared to No Action, was made.

Coastal Area. There were no methods readily available to estimate or directly measure any
effect of project alternatives on other native fish species inhabiting Coastal Area. It was
assumed that there would be no measurable or incremental effect on food availability, rates
of predation or survival, or other ecological consequences to other native resident fish species
in the adjacent Coastal Areas as a result of any of the project alternatives. Therefore, it was
assumed that there would be no likely measurable effects.

Central Valley. For the purpose of estimating effects of the project alternatives on resident
native fish species in the Central Valley, it was assumed that any adverse effects or benefits
to naturally produced anadromous species in the Central Valley would similarly effect or
benefit resident native fishery resources. Sacramento River flows, Delta inflow and outflow,
ratio of Delta inflow to exports, and position of X2 in the Delta were evaluated. X2 refers to
the calculated 2 part-per-thousand (2ppt) salinity position, in kilometers from the Golden
Gate Bridge. X2 (2 ppt salinity) is believed optimal for maximizing native Delta smelt.

To evaluate the potential effects of the project alternatives on native resident fish species in
the Central Valley, a comparison of the annual flows at various locations in the Sacramento
River and Delta was conducted. For each project alternative, for the Sacramento River, aver-
age annual and monthly flows in cfs at Keswick, Grimes, and Verona were compared to
flows for the No Action Alternative. Total annual and monthly inflows into the Delta,
outflows from the Delta, the ratio of Delta inflow to exports. We evacuated the changes in
the position of X2 as compared to the No Action Alternative were used to determine
potential changes in the habitat and impacts to Delta smelt.

1.3.2.2 Significance Criteria

Effects are considered significant for resident native fish species if they result in any of the
following:

e Potential for reductions in the number, or restrictions of the range, of an endangered or
threatened resident native fish species or a resident native fish species that is a candidate for
listing as threatened

e Potential for substantial reductions in the habitat of any resident native fish species other
than those that are listed as threatened or endangered or are candidates for threatened or
endangered status

e Potential for causing a resident native fish population to drop below self-sustaining levels
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e Substantial adverse effect, either directly or through habitat modifications, on any resident
native fish species identified as a sensitive or special status species in local or regional plans,
policies, or regulations by the California Department of Fish and Game, the U.S. Fish and
Wildlife Service, or the National Marine Fisheries Service

e Substantial interference with the movement of any resident native fish species

e A conflict with, or violation of, the provisions of an adopted Habitat Conservation Plan,
Natural Community Conservation Plan, or other approved local, regional, or state habitat
conservation plan relating to the protection of resident native fish species

e Direct mortality (losses) of state or federally listed resident native fish species, or species
that are candidates for listing (CESA) or proposed for listing (ESA)

e Reductions in the size of a special-status resident native fish species population sufficient to
jeopardize its long-term persistence

e Temporary impacts to habitats such that listed or special-status species suffer increased
mortality or lowered reproductive success that jeopardizes the long-term persistence of those
local populations

e Permanent loss of essential habitat of a listed species or special-status fish species

e Reduction in the quantity or quality of habitats in which resident native fish populations
occur sufficient to affect the abundance and productivity of local populations

1.3.2.3 Results

Summary. Compared to the No Action Alternative, all the alternatives considered would
result in beneficial habitat conditions for resident native species in the Trinity River.
However, the Mechanical Restoration Alternative would result in rather small incremental
habitat benefits for resident native species in the Trinity River Basin. Except for the
Mechanical Restoration Alternative, all the alternatives would also benefit resident native
species in the Klamath River Basin to some extent. These benefits would principally stem
from increased flows, somewhat cooler water temperatures in the Klamath River Basin
downstream its confluence with the Trinity River, and watershed restoration actions within
the Trinity Basin. In the Central Valley only the 70 percent inflow and the Maximum Flow
Alternative may have potential for adverse impacts to habitat quantity and quality for
resident native species, principally due to reductions of flows in the upper Sacramento River
for native species and habitat for Delta smelt in Sacramento-San Joaquin River Delta.

In the Central Valley, there would be no measures to mitigate, to less than significant, the
adverse effects to native resident species and Delta smelt from implementing the maximum
flow and 10 percent inflow alternatives would be to re-operate the Central Valley Project,
including changing the pattern or increasing stream flows in the Sacramento River, inflows to
the Delta, increasing Delta outflows, or reducing Delta exports.
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1.3.2.4 No Action Alternative

Trinity River Basin. As stated in the methodology section, it was assumed that increased
coldwater releases to the Trinity River would not harm resident native fish species. In-
creased stream flows in the Trinity River would provide river system benefits resulting in
improved habitat conditions for the resident native species as well as anadromous species.
Mechanical habitat restoration and watershed activities on the mainstem Trinity River were
also assumed to improve habitat conditions and benefit resident native fish species in the
Trinity River Basin. Thus, any benefits or adverse effects on resident native species in the
Trinity River would be the same as those for naturally produced anadromous species. Using
these assumptions, a qualitative assessment of the effects of the No Action Alternative was
made.

As previously discussed, the No Action Alternative performed poorly in meeting the river
system and habitat requirements necessary for restoring naturally produced anadromous
salmonids in the mainstem Trinity River (Tables B-10 and B-11). TRSAAM results indicate
that, under the No Action Alternative, fishery habitats in the mainstem Trinity River in the
year 2020 would not likely provide the conditions necessary to allow resident native species
to recover to pre-dam population levels.

Lower Klamath River Basin/Coastal Area. It was assumed that any benefits or adverse
effects on resident native fish species in the Klamath River would be the same as those for
naturally produced anadromous salmonid species in the Klamath River. Using these assump-
tions, a qualitative assessment of the effects of the No Action Alternative was made. As
shown in Tables B-10 and B-11, the No Action Alternative performed poorly in meeting the
river system attributes and habitat requirements necessary for restoring naturally produced
anadromous salmonids in the mainstem Trinity River. TRSAAM results indicate that, under
the No Action Alternative, fishery habitat in the mainstem Trinity River in the year 2020
would also not likely provide the conditions necessary to provide benefits to resident native
species in the lower Klamath River and estuary.

These results indicate that, under the No Action Alternative, fishery habitat in the mainstem
Trinity River in the year 2020 would not likely provide the flow, temperature, and habitat
conditions necessary to restore populations of resident native fish species in the lower
Klamath River and estuary to pre-dam levels.

Central Valley. The resident native fish species in the Central Valley have evolved in an
environment in which wide ranges of conditions, including water temperatures and flows,
fluctuate widely both within and between years. Habitat quantity and quality for native
resident species in the Sacramento River and Delta areas are affected by the quantity and
quality of water moving through this region. Populations of these species in the portions of
the Central Valley affected by operations of the TRD (Sacramento River and the Delta)
would be expected to largely fluctuate in response to any changes in environmental
conditions (e.g., flows, temperatures, and salinity).

For the simulated period 1922-1993, the average annual discharge of the Sacramento River
as estimated at Keswick, Grimes, and Verona was approximately 8,700 cfs; 11,300 cfs; and
19,300 cfs, respectively (Table B-21). Total average annual inflow and outflows for the
Delta are approximately 29,200 cfs and 19,900 cfs, respectively (Tables B-22 and B-23). For
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the simulated period, the average monthly position of the X2 position, in Kilometers (KM)
from the Golden Gate Bridge, during the months of February through June (inclusive) ranges
from 65.7 KM (April) to 71.3 KM (February) (Table B-27; and Attachment B10).

1.3.2.5 Maximum Flow Alternative

Trinity River Basin. As previously discussed, the results of the TRSAAM analysis for all
attribute objectives for the Maximum Flow Alternative are shown in Table B-10 and are
summarized in Table B-11. As shown in these tables, the Maximum Flow Alternative was
scored 58 of the total possible 70 attribute objectives points believed necessary to restore the
Trinity River fluvial river system. Compared to No Action, the Maximum Flow Alternative
excelled in meeting the river system and habitat requirements necessary for restoring
naturally produced anadromous salmonids in the mainstem Trinity River. This would also
greatly enhance habitat conditions for resident native fish species in the Trinity Basin. These
results indicate that river system health and habitat conditions improved approximately
1350 percent under the Maximum Flow Alternative as compared to No Action, using the
TRSAAM scores as a measure of comparison (Table B-15). These results indicate that,
compared to the No Action Alternative, fishery habitat in the mainstem Trinity River in the
year 2020 would greatly improve under the Maximum Flow Alternative and would likely
result in large increases in resident native fish populations compared to those expected from
the No Action Alternative (Table B-19).

Lower Klamath River Basin/Coastal Area. Improvements in water temperature conditions
and increases in flows in the Trinity River would result in more favorable conditions in the
lower Klamath River, thus benefiting resident native species within the lower Klamath River
and estuary. Increases in flows to the Trinity River would increase habitat quantity and
benefit habitat conditions in the lower Klamath River and estuary. Increases in flow in the
Trinity River resulting from spring reservoir releases would improve temperature conditions
in the Klamath River downstream of the confluence.

Beneficial habitat conditions, as a result of more optimal temperatures and increased flows,
would likely improve survival rates for young life stages of resident native species. Im-
proved habitat conditions would benefit juveniles rearing and adults occupying the lower
Klamath River and estuary (Table B-19). These benefits would likely result in increased
populations of resident native species under the Maximum Flow Alternative.

Central Valley. It was assumed that decreases in monthly average flows in the Sacramento
River and Delta greater than 10 percent of those for the No Action Alternative during the
months critical to spawning and early rearing (February through June) would significantly
diminish habitat quality and quantity for resident native species in the Central Valley.
Increases in stream flows greater than 10 percent of those for No Action during those months
were considered beneficial to these species for the maximum flow alternative. For the
simulated period 1922-1993, the average annual discharge in the Sacramento River as
estimated for Keswick, Grimes, and Verona is approximately 7,700 cfs; 10,500 cfs; and
18,400 cfs, respectively (Table B-21). The estimated changes in the average annual
Sacramento River flows for Keswick and Grimes for the Maximum Flow Alternative as
compared to No Action are shown in Table B-24. Changes in the estimated average annual
Sacramento River flows at Keswick (upper reach of the river) for the Maximum Flow
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Alternative decreased an average of approximately 12 percent. Changes in the estimated
average annual Sacramento River flows at Grimes (middle reach of the river) for the
Maximum Flow Alternative decreased an average of approximately 9 percent compared to
No Action Alternative (Table B-24). These changes in stream flows would likely result in
significant losses of habitat for resident native species residing in the Keswick reach of the
Sacramento River only.

For this alternative, the total average annual discharge (in cfs) for the lower reach of the
Sacramento River at Verona decreased an average of approximately 6 percent compared to
No Action Alternative (Table B-24). Considering the magnitude of the decreases in annual
discharges, it is not likely that reductions in habitat quantity and quality may be sufficient to
significantly reduce habitat and adversely affect native resident species in the lower
Sacramento River reaches.

The average annual inflow and outflow in the Delta for the Maximum Flow Alternative is
estimated to be approximately 28,300 and 19,400 cfs, respectively (Tables B-22 and B-23).
These flows are approximately 4 percent less, on average, that those for the No Action
Alternative (Tables B-25 and B-26).

For the months critical to life stages of Delta Smelt in the Delta (February through June),
Delta inflows ranges from 1 percent (March) to 3 percent (June) (Table B-25). For the same
months critical to these species in the Delta, the Delta outflows ranges from 0 percent
(March) to 3 percent (June) (Table B-26). The maximum ratio of Delta inflows to exports,
(35 percent for February through June and 65 percent for July through January), were not
violated for any year simulated for the Maximum Flow Alternative.

Calculated positions of X2 in the Delta, as measured from the Golden Gate Bridge, are
shown in Table B-27 and in Attachment B10. During the months of February through June,
the average monthly X2 position ranged from 65.8 KM (April) to 71.6 KM (February)
(Table B-27). During these months, X2 moved 0.3 kilometers or less for the years simulated
(a change of 0.4 percent or less relative to that for No Action) (Table B-28). A summary of
the evaluation of the frequency and the direction of changes of X2 position in the Delta are
found as Attachment B10. The analysis of the frequency and direction of movement of the
predicted X2 position in the Delta are shown in Table B-29 and in Attachment B10.

Of the 72 years (1922-1993) analyzed for the months from February through June for the
Maximum Flow Alternative, a total of 55 months (15.3 percent) movement of the predicted
X2 location was greater that 0.5 KM upstream (east) of the position predicted for the No
Action alternative. Additionally, 23 months (6.4 percent) movement of the predicted X2
position was greater than 0.5 KM downstream (west) of the predicted X2 position for the No
Action alternative. The overall conclusion from this analysis is, that while there are both
movements of X2 greater than 0.5 KM eastward (15.3 percent of the months) and westward
(6.4 percent of the months), on the balance for the vast majority of months these movements
would not significantly reduce habitat quantity or quality sufficiently to adversely affect
Delta smelt or other native resident species in the Delta.

On an average annual basis the monthly ratio of Delta inflows to exports in the Delta would
not significantly change for the Max Flow Alternative. The changes in streamflows in the
lower Sacramento or Delta inflows or outflows would not significantly reduce habitat for
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resident native species in the Central Valley, (Table B-19) reduction in streamflows in the
Keswick Research of the upper Sacramento River would reduce habitat for native resident
species (but not Delta smelt). There are no measures to mitigate these impacts to resident
native species.

1.3.2.6 Flow Evaluation Alternative

Trinity River Basin. As previously discussed, the results of the TRSAAM analysis for all
attribute objectives for the Flow Evaluation Alternative are shown in Table B-10 and are
summarized in Table B-11. As shown in these tables, the Flow Evaluation Alternative was
scored 49 of the total possible 70 attribute objectives points believed necessary to restore the
Trinity River fluvial river system. Compared to No Action, this alternative greatly improved
conditions necessary for restoring naturally produced anadromous salmonids in the mainstem
Trinity River. This alternative would also greatly enhance habitat conditions for resident
native fish species in the Trinity Basin. These results indicate that river system health and
habitat conditions would be expected to improve approximately 1125 percent under the Flow
Evaluation Alternative as compared to No Action, using the TRSAAM scores as a measure
of comparison (Table B-15). These results indicate that, compared to the No Action
Alternative, fishery habitat in the mainstem Trinity River in the year 2020 would greatly
improve with this alternative (Table B-19) and would likely result in large increases in
resident native fish populations compared to those expected from the No Action Alternative.

Lower Klamath River Basin/Coastal Area. Improvements in water temperature conditions
and increases in flows in the Trinity River would result in more favorable conditions in the
lower Klamath River, thus benefiting resident native species within the lower Klamath River
and estuary. Annual increases in Trinity River flows, from approximately 28 taf (critically
dry water year) to approximately 475 taf (extremely wet water year), would likely improve
habitat conditions in the lower Klamath River and estuary in most years. Increases in flow in
the Trinity River resulting from spring Lewiston Dam releases would greatly improve tem-
perature and habitat conditions in the Klamath River downstream of the confluence with the
Trinity River (U.S. Fish and Wildlife Service, 1998).

Beneficial habitat conditions, as a result of more optimal temperatures and increased flows,
would likely improve survival rates for young life stages of resident native species.
Improved habitat conditions would benefit juveniles rearing and adults occupying the lower
Klamath River and estuary (Table B-19). These benefits would likely result in increased
populations of resident native species under the Flow Evaluation Alternative.

Central Valley. It was assumed that decreases in monthly average flows greater than

10 percent of those for the No Action Alternative during months critical to spawning and
rearing (February through June) would significantly diminish habitat quality and quantity for
resident native species in the Central Valley. Increases in stream flows greater than

10 percent of those for No Action during these months were considered beneficial to these
species. For the flow evaluation alternative, the simulated period 1922-1993, the average
annual discharge in the Sacramento River as estimated for Keswick, Grimes, and Verona is
approximately 8,400 cfs; 11,000 cfs; and 19,000 cfs, respectively (Table B-21). The
estimated changes in the average annual Sacramento River flows for Keswick and Grimes for
the Flow Evaluation Alternative as compared to No Action are shown in Table B-24.
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Changes in the estimated average annual Sacramento River flow at Keswick (upper reach of
the river) for the Flow Evaluation Alternative decreased an average of 4 percent. Changes in
the estimated average annual Sacramento River flows at Grimes (middle reach of the river)
for the Flow Evaluation Alternative decreased on an average of approximately 3 percent
compared to the No Action Alternative (Table B-24). These reductions in stream flows
would not likely result in significant losses of habitat for resident native species residing in
the upper and middle reaches of the Sacramento River.

For this alternative, the total average annual discharge (in cfs) for the lower reach of the
Sacramento River at Verona decreased an average of approximately 2 percent compared to
the average annual discharge estimated for the No Action Alternative (Table B-24).
Considering the magnitude of the decreases in annual discharges, it is not likely that
reductions in habitat quantity and quality would be sufficient to significantly reduce habitat
and adversely affect resident native species in the lower Sacramento River.

The average annual inflow and outflow in the Delta for the Flow Evaluation Alternative is
estimated to be approximately 28,900 and 19,700 cfs, respectively (Tables B-22 and B-23).
These flows are approximately 1 percent less, on average, that those for the No Action
Alternative (Tables B-25 and B-26).

For the months critical to life stages of Delta smelt (February through June), ranges from 0
percent (February through April) to 2 percent (June). For the months critical to these species
in the Delta, outflows 0 percent (February, March, and April) to 2 percent (June). The
compliance target maximum ratio of Delta inflows to exports were not violated for any year
simulated for the Flow Evaluation Alternative.

Calculated positions of X2 in the Delta, as measured from the Golden Gate Bridge, are
shown in Table B-27. During the months of February through June the average monthly X2
position ranged from 65.8 KM (April) to 71.4 KM (February) (Table B-27). During these
months, X2 moved 0.1 kilometers or less for the years simulated (a change of 0.1 percent or
less relative to that for No Action) (Table B-28). A summary of the evaluation of the
frequency and the direction of changes of X2 position in the Delta are found in Table B-29
and in Attachment B10.

Of the 72 years (1922-1993) analyzed for the months from February through June for the
Flow Evaluation alternative, a total of 35 months (9.7 percent) movement of the predicted X2
location was greater that 0.5 KM upstream (east) of the position predicted for the No Action
alternative. Additionally, 29 months (8.1 percent) movement of the predicted X2 position
was greater than 0.5 KM downstream (west) of the predicted X2 position for the No Action
alternative. The overall conclusion from this analysis is, that while there are both movements
of X2 greater than 0.5 KM eastward (9.7 percent of the months) and westward (8.1 percent of
the months), on the balance for the vast majority of months (>90 percent) these movements
would not likely reduce habitat quantity or quality sufficiently to adversely affect Delta smelt
or other native resident species in the Delta.

On an average annual basis, the monthly ratio of Delta inflows to exports in the Delta would
not significantly change for the Flow Evaluation Alternative compared to No Action. The
changes in streamflows, or Delta inflows and outflows would not significantly reduce habitat
for resident native species in the Central Valley (Table B-19).
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1.3.2.7 70 Percent Inflow Alternative

Trinity River Basin. The results of the TRSAAM analysis for all attribute objectives for the
70 Percent Inflow Alternative are shown in Table B-10 and are summarized in Table B-11.
As shown in these tables, the 70 Percent Inflow Alternative was scored 50 of the total
possible 70 attribute objectives points believed necessary to restore the Trinity River fluvial
river system. Compared to No Action, this alternative provided significant benefits to habitat
conditions necessary for restoring anadromous salmonids species in the mainstem Trinity
River. These expected improvements would also provide significant benefits to habitat con-
ditions for resident native fish species in the Trinity Basin (Table B-19). The TRSAAM
analysis indicated that river system health and habitat conditions improved approximately
1,150 percent for the 70 Percent Inflow Alternative as compared to No Action (Table B-15).
These results indicate that, compared to the No Action Alternative, fishery habitat in the
mainstem Trinity River in the year 2020 would improve under this alternative and would
likely result in increases in resident native fish populations as compared to the No Action
Alternative.

Lower Klamath River Basin/Coastal Area. The 70 Percent Inflow Alternative would
result in improved water temperature conditions and increased Trinity River flows in many
water years. In those years, increased annual flows (and improved water temperature
conditions would result in improved habitat conditions in the lower Klamath River and
estuary (Table B-19). These improvements would result in benefits to other resident native
fish populations under the 70 Percent Inflow Alternative.

Central Valley. It was assumed that decreases in monthly average flows greater than

10 percent of those for the No Action Alternative during months critical to spawning and
rearing (February through June) would significantly diminish habitat quality and quantity for
resident native species in the Central Valley. Increases in stream flows greater than

10 percent of those for No Action during those months were considered beneficial to these
species. For the simulated period 1922-1993, the average annual discharge in the
Sacramento River as estimated for Keswick, Grimes, and Verona is approximately 8,000 cfs;
10,700 cfs; and 18,700 cfs, respectively (Table B-21). The estimated changes in the average
annual Sacramento River flows for Keswick and Grimes for the 70 Percent Inflow
Alternative as compared to No Action are shown in Table B-24. Changes in the estimated
average annual Sacramento River flows at Keswick (upper reach of the river) for the 70
Percent Inflow Alternative decreased an average of 9 percent. Changes in the estimated
average annual Sacramento River flows at Grimes (middle reach of the river) for this
Alternative decreased an average of 6 percent compared to the No Action Alternative (Table
B-24). These reductions in stream flows would not likely result in significant losses of
habitat for resident native species residing in the upper and middle reaches of the Sacramento
River.

For this alternative, the total average annual discharge (in cfs) for the lower reach of the
Sacramento River at Verona decreased approximately 4 percent compared to the average
annual discharge estimated for the No Action Alternative (Table B-24). Considering the
magnitude of the decreases in annual discharges, it is not likely that reductions in habitat
quantity and quality would be sufficient to significantly reduce habitat and adversely affect
resident native species in the lower reaches of Sacramento River.
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The average annual inflow and outflow in the Delta for the 70 Percent Inflow Alternative is
estimated to be approximately 28,600 and 19,400 cfs, respectively (Tables B-22 and B-23).
These flows are approximately 3 percent less, on average, that those for the No Action
Alternative (Tables B-25 and B-26).

For the months critical to life stages of Delta smelt (February through June), Delta inflows
ranges from 1 to 2 percent less than those for No Action (Table B-25). Similarly, for the
months critical to these species in the Delta, it was determined that Delta outflows ranges
from 1 to 2 percent less than those for No Action. The maximum ratio of Delta inflows to
exports were not violated for any year simulated for the this Alternative.

Calculated positions of X2 in the Delta, as measured from the Golden Gate Bridge, are
shown in Table B-27. During the months of February through June the average monthly X2
position ranged from 65.9 KM (April) to 71.6 KM (February) (Table B-27). During the
months of February through June, X2 moved 0.3 kilometers or less for the years simulated (a
change of 0.4 percent or less relative to that for No Action) (Table B-28). A summary of the
evaluation of the frequency and the direction of changes of X2 position in the Delta are found
in Table B-29 and in Attachment B10.

Of the 72 years (1922-1993) analyzed for the months from February through June for the

70 Percent Inflow Alternative, a total of 54 months (15 percent) movement of the predicted
X2 location was greater that 0.5 KM upstream (east) of the position predicted for the No
Action alternative. Additionally, 12 months (3.3 percent) movement of the